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Introduction

To assess interactions between epithelial (EP) and myoepithelial (ME) cells in association with breast
tumor progression and invasion, a double immunostaining technique with antibodies to smooth muscle
actin (SMA) and estrogen receptor (ER) was used to elucidate both the ME and EP cells in mammary
tissues harboring ductal carcinoma in situ.  Single or clusters of EP cells with a marked diminution or
a total loss of ER expression were found immediately overlying focally disrupted ME cell layers, in
contrast to the dominant population of ER (+) cells within the same duct that showed no associated ME
cell layer disruptions. This study attempted to confirm our previous findings on a larger number of
cases, and to compare the immunohistochemical and molecular biological profiles of the ER (-) cells
overlying disrupted ME cell layers with those of adjacent ER (+) cells and surrounding stromal (ST)
cells. Since ME cell layers are physical barriers protecting the microenvironment and integrity of EP
cells, and the disruption of ME cell layers is an absolute pre-requisite for breast tumor invasion, the
outcomes of this project could have significant values in early detection of breast tumor progression
and/or invasion.

Body

Statement of work
A total of 7 tasks were listed in the Statement of Work of the original proposal:
Task 1. To repeat our previous studies and to identify epithelial (EP) cells overlying disrupted
myoepithelial (ME) cell layers (months 1-6)
Completed

Task 2. To compare the biological behavior of cells overlying a disrupted ME cell layer with that of
adjacent cells within the same duct (months 6-9)

Completed

Task 3. To microdissect phenotypically different EP cells and the surrounding ME and stromal (ST)
cells for molecular biological analyses (months 9-12)

Task 4. To compare the frequency and pattern of loss of heterozygosity (LOH), and clonality among
EP, ME, and ST cells (months 12-20)

Completed

Task 5. To assess the gene expression pattern in cells from frozen section sections with cDNA
expression array technique, and to generate probes based on sequences exclusively or mainly
expressed in cells overlying disrupted ME cell layers (months 20-24)

Completed

Task 6. To apply the probes to both paraffin and frozen sections, to identify the gene expressing cells
and their morphologic features (months 24-32)
Partially completed

Task 7. To correlate the laboratory findings with that of clinical following-up data (months 32-36).
Partially completed
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Experimental procedures:

Consecutive sections were made from formalin-fixed, paraffin-embedded breast tissues from
over 400 patients with various grades of ductal carcinoma in situ (DCIS), and double imunostained for
ER and SMA. Cross sections of all ducts lined by > 40 EP cells were examined for a focal ME cell
layer disruption, defined as an absence of ME cells, resulting in a gap equal to or greater than the
combined size of 3 EP or ME cells. A focal loss of ER expression was defined as marked diminution
or a total loss of ER staining in cells immediately overlying a disrupted ME cell layer, in contrast to
strong ER expression in adjacent cells within the same duct.

After immunostaining for ER and SMA, cells overlying disrupted ME cell layers, adjacent ER
(+) cells within the same duct, adjacent stromal (ST) cells, and other controls were microdissected for
DNA extraction and assessment for loss of heterozygosity (LOH) and microsatelite instability (MI),
using PCR amplification with a panel of DNA markers at 6 chromosomes. The frequency and pattern
of LOH and MI among samples were compared.

Consecutive sections were also prepared from frozen breast tissues of patients with DCIS and
invasive ductal carcinomas (IDC), and were double immunostained for ER and SMA. Immunostained
sections were examined for ER expression and focal ME cell layer disruptions. ER (-) cells overlying
disrupted ME layers and adjacent (+) cells within the same duct in DCIS, along with morphologically
and immunohistochemically similar cells in IDC, were microdissected for RNA extraction, using the
RNA extraction kits from Arcturus Engineering, Inc (Mountain View, CA). The RNA extracts were
subjected to RT PCR amplification. The gene expression profiles among samples were compared,
using the software and reagents from Affymetrix, Inc (Santa Clara, CA) and SuperArray Bioscience
Corporation (Frederick, MD).

A total of 7 biotin-labeled probes and detection kits from our collaborators, DAKO Corporation
(Carpinteria, CA), and Sigma (St. Louis, MO) have been using in both paraffin-embedded and frozen
sections from selected cases, to establish and optimize the in situ hybridization method that will be
used with the new probes generated by our own study.

All above experimental procedures were carried out according to the methods described in the
proposal without any major modifications. Also, all the laboratory efforts have been strictly adhered
to address the issues listed in “Statement of Work”.

Key research accomplishments

All the laboratory procedures for Tasks 1 to 5 had been completed, and the outcomes have been
reported and published (see below).

The laboratory protocols for Task 6 have been established and optimized. Preliminary studies
in selected cases had been carried out before April 15, 2003, and the main experiments are in progress.

The clinical follow-up data for Task 7 for a portion of the selected cases have been collected,
and the summarization of the data are in progress.

A total of 32 published, accepted, and submitted research articles were generated during
2003 and 2004 (see below).

Reportable outcomes

During the year 2003 to 2004, a total of 31 research articles and a picture related to the project
have bee published, accepted, and submitted to national or international journals indexed by the
National Library of Medicine (see the table below).
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Category Published Accepted Submitted Total
Research papers 5 3 7 15
Research articles | 16 16
Other A picture for the cover of a Medline indexed journal 1
Total 32
Conclusions

1. Tasks 1-5 listed in the proposal have been completed. The outcomes are in a total agreement with
our hypotheses.

2. Tasks 6 and 7 have been partially completed. The preliminary results are also consistent with our
hypotheses.

3. A total of 32 published, accepted, and submitted research articles were generated during 2003-2004.
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Abstract

Introduction Our previous studies detected focal disruptions
in myoepithelial cell layers of several ducts with carcinoma in
situ. The cell cluster overlying each of the myoepithelial
disruptions showed a marked reduction in or a total loss of
immunoreactivity for the estrogen receptor (ER). This is in
contrast to the adjacent cells within the same duct, which
were strongly immunoreactive for the ER. The current study
attempts to confirm and expand previous observations on a
larger scale.

Methods Paraffin sections from 220 patients with ER-positive
intraductal breast tumors were double immunostained with the
same protocol previously used. Cross-sections of ducts lined
by 240 epithelial cells were examined for myoepithelial cell
layer disruptions and for ER expression. In five selected cases,
ER-negative cells overlying the disrupted myoepithelial cell
layer and adjacent ER-positive cells within the same duct were
separately microdissected and assessed for loss of hetero-
zygosity and microsatellite instability.

Results Of the 220cases with 5698 duct cross-sections
examined, 94 showed disrupted myoepithelial cell layers with
405 focal disruptions. Of the 94 cases, 79 (84%) contained
only ER-negative cell clusters, nine (9.6%) contained both ER-
negative and ER-positive cell clusters, and six (6.4%) contained
only ER-positive cell clusters overlying disrupted myoepithelial
cell layers. Of the 405 disruptions, 350 (86.4%) were overlain
by ER-negative cell clusters and 55 (13.6%) were overain by
ER-positive cell clusters (P<0.01). Microdissected ER-negative
and ER-positive cells within the same duct from all five selected
cases displayed a different frequency or pattern of loss of
heterozygosity and/or microsatellite instability at 10 of the
15 DNA markers.

Conclusions Cells overlying focally disrupted myoepithelial
layers and their adjacent counterparts within the same duct
displayed different immunohistochemical and molecular
features. These features potentially represent an early sign of
the formation of a biologically more aggressive cell clone and
the myoepithelial cell layer breakdown possibly associated with
tumor progression or invasion.

Keywords: ductal carcinoma in situ, estrogen receptor, focal myoepithelial cell layer disruptions, tumor invasion, tumor progression

Introduction

The epithelial component of normal and noninvasive
breast tumor tissue is physically separated from the
stroma by both the myoepithelial cells and the basement
membrane (BM). Myoepithelial cells are joined by interme-

diate or gap junctions and a number of intercellular adhe-
sion molecules, forming a continuous sheet or belt that
encircles the epithelial cells (except at the terminal
ductal~lobular unit, within which about 20% of the epithe-
lial cells are reported to be in direct contact with the BM)

BM = basement membrane; DCIS = ductal carcinoma in situ; ER = estrogen receptor; H & E = hematoxylin and eosin; LOH = loss of heterozygosity;
MI = microsatellite instability; PCR = polymerase chain reaction; SMA = smooth muscle actin.
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[1-3]. The BM is composed of a group of fibrous proteins
embedded in a hydrated polysaccharide gel, constituting a
continuous lining surrounding and attaching to myoepithe-
lial cells via hemidesmosomes and focal adhesion com-
plexes [3-5]. Both the myoepithelial cell layer and the BM
layer are permanent structural constituents, normally allow-
ing only the passage of small molecules [1-5]. Due to this
structural feature, most tumor epithelial cells have to first
pass through the myoepithelial cell layer and then the BM
in order to physically contact the stroma. In other words,
the disruption of both the BM and the myoepithelial cell
layer is an absolute prerequisite for breast tumor invasion.

Invasive and metastasized tumors, compared with in situ
tumors, have a significantly higher mortality rate, account-
ing for a vast majority of breast cancer death [6]. This
highlights the significance and the implications for the elu-
cidation of the tumor invasion mechanism(s), which could
potentially lead to vast benefits and advances in the field
of breast cancer treatment and prevention. It has been
generally accepted that an upregulated expression of pro-
teolytic enzymes in tumor or stromal cells is the primary, if
not the only, cause for BM disruptions and tumor invasion
[6,7]. This theory, however, might not refiect the intrinsic
mechanism({s) of myoepithelial layer disruptions for three
main reasons. First, neither the normal cellular kinetics nor
dynamic alterations of myoepithelial cells during tumor
invasion have been well elucidated. Also, no conclusive
evidence has shown that the host's own enzymes are
capable of degrading its own myoepithelial cells. Finally,
the results of proteolytic inhibitor-based human clinical
trials for breast cancer treatment and prevention have
been very disappointing [8].

While attempting to identify the early sign of myoepithelial
disruptions and the precursor of invasion, we have carried
out a number of studies focusing on the physical and func-
tional correlation between epithelial and surrounding
myoepithelial cells. In one of our previous studies, a
double immunostaining method with antibodies to smooth
muscle actin (SMA) and to the estrogen receptor (ER)
was used to elucidate both epithelial cells and myoepithe-
lial cells [9). Several focal myoepithelial cell layer disrup-
tions, defined as a total loss of SMA immunoreactivity and
an absence of myoepithelial cells, resulting in a gap that is
equal to or greater than the combined size of at least three
epithelial or myoepithelial cells, were detected in several

. ducts that were classified as ductal carcinoma in situ

(DCIS) based on examination on H&E stained slides.
Each of the disruptions was exclusively overlain by a
cluster of cells that showed either a complete loss of or a
marked reduction of ER expression, in contrast to the
adjacent nondisrupted myoepithelial cell layer within the
same duct, which was overlain by cells with strong ER
expression [9]. Those ER-negative cell clusters and focal

R232 myoepithelial disruptions, however, were generally small

and not easily identifiable on H&E stained sections [9].
Our subsequent studies further revealed that ducts with a
disrupted myoepithelial cell layer had a significantly higher
proliferation rate than ducts with an intact myoepithelial
layer [10,11].

It has been documented that the disruption of the BM and
myoepithelial cell layers is an absolute prerequisite for tumor
invasion, that tumor epithelial cells and their surrounding
stromal cells share a similar genetic profile [12,13], and that
the progression of breast tumors is paralleled by a progres-
sive hormonal independence {14-17]. Our findings there-
fore appear to have several clinical implications. First, those
ER-negative cell clusters overlying the disrupted myoepithe-
lial cell layer may represent a newly formed cell clone that is
biologically more aggressive than the adjacent ER-positive
cells within the same duct. Second, focal myoepithelial cell
layer disruption might represent an initial or early sign of the
BM and myoepithelial celt layer breakdown. Third, focal dis-
ruptions in the myoepithelial cell layer and the loss of ER
expression in overlying cells might be comrelated events,
directly triggering or signifying tumor progression or poten-
tial invasion in some cases.

Based on these speculations, the present study attempted
to confirm our previous observations in a larger number of
cases, to determine whether focal disruptions of myo-
epithelial cell layers is a prevalent event, and whether all
the cell clusters overlying focally disrupted myoepithelial
cell layers have the same morphological and immunostain-
ing feature. Also, we attempted to carry out a preliminary
molecular study to compare the frequency and pattern of
loss of heterozygosity (LOH) and microsatellite instability
(Ml) between ER-negative cells and the adjacent ER-
positive cells within the same duct in selected cases.

Materials and methods

Formalin-fixed, paraffin-embedded breast tissue blocks
harboring various grades and subtypes of ER-positive,
noninvasive breast lesions from 220 female patients were
retrieved from the files of The Armed Forces Institute of
Pathology. Serial sections of 5~7 um thickness were cut
and placed on positively charged microscopic slides for
immunohistochemical and morphologic assessment. Mor-
phologic classifications were based on our published cri-
teria [9]. Double immunohistochemical staining with
antibodies to the ER (clone 6F11) and to SMA (clone
asm-1) (Vector Laboratories, Burlingame, CA, USA) was
carried out as previously described [9,18,19]. A micro-
meter was inserted into the objective of a microscope to
facilitate the reviewing of the whole section and the local-
ization of a specific lesion [20].

Cross-sections of ducts lined by =40 epithelial cells were
examined under a microscope for myoepithelial cell layer
disruptions and for ER expression. A focal myoepithelial



layer disruption was defined as a total loss of SMA
immunoreactivity and an absence of myoepithelial cells,
resulting in a gap that is equal to or greater than the com-
bined size of at least three epithelial or myoepithelial cells,
or multiple such gaps in a given duct. A focal loss of ER
expression was defined as a total loss or a marked reduc-
tion of ER immunostaining in cells overlying disrupted
myoepithelial cell layers, compared with a strong ER
immunostaining in their adjacent counterparts within the
same duct overlying the nondisrupted myoepithelial cell
layer. A focal positive ER expression was defined as the
ER immunostaining in cells overlying focally disrupted
myoepithelial cell layers being more intense than or com-
parable to that in their adjacent counterparts overlying the
nondisrupted myoepithelial cell layer.

The profiles of ducts containing disrupted myoepithelial
cell layers were photographed and reprints were made at
a magnification of 400x-800x for immunohistochemical
and morphological evaluation. The frequencies of myo-
epithelial cell layer disruptions associated with ER-nega-
tive and ER-positive cell clusters were statistically
compared by the Student ¢ test.

The adjacent sections from 20 cases with focal myo-
epithelial disruptions were immunostained with mono-
clonal antibodies to cytokeratine AE1/AE3 (clones
AE1/AE3; Chemicon, Temecula, CA, USA), to
cytokeratin 8 (clone TS1; Vector Laboratories), and to
cytokeratin 19 (clone b170; Vector Laboratories) in order
to assess whether cells overlying disrupted myoepithelial
cell layers are epithelial in nature [21]. Also, the sections
in selected cases were immunostained with antibodies to
major constituents of the BM-collagen IV (clone CIV 22;
Dako Corporation, Carpinteria, CA, USA) and laminin
(code number Z0097; Dako Corporation; and clone
Lam-89; Vector Laboratories) to assess the integrity of the
BM underneath the disrupted myoepithelial cell layers.

For molecular analyses, paired ER-negative cells and adja-
cent ER-positive cells within the same duct, along with
clear-cut normal epithelial or stromal cells, were microdis-
sected from each of five selected cases, including one
mild ductal hyperplasia and four DCIS or atypical intraduc-
tal hyperplasia. To obtain a sufficient number of cells, mul-
tiple consecutive sections were immunostained, and
ER-negative cell clusters in different sections were
microdissected and pooled. Microdissected cells were
subjected to DNA extraction and assessed for LOH and
for Ml with 15 fluorescent-labeled DNA markers (Research
Genetics, Huntsville, AL, USA) as previously described
[22]. The DNA markers used and their main features are
presented in Table 1. Amplified PCR products were sub-
jected to electrophoresis, detection, and comparison with
an automated 377 DNA sequencer (Perkin-Elmer, Foster
City, CA, USA) as previously described [23,24].

Avallable online http://breast-cancer-research.com/content/5/6/R231

Table 1

DNA markers used for comparison of genetic alterations In
estrogen receptor-negative cells and estrogen receptor-
positive cells

Chromosomal Size

Marker Name location Harbored gene  (base pairs)
1 D3S1300 3p21.1-p14.2 FHIT 217-241
2 D3S1481 3p14.2 FHIT 104
3 D351581 3p21.2-p14.2 FHIT 78-102
4 D11S902 11p16-p13  ? 145-163
5 D11S904 11p14-pi3 Wims' tumor 1 185-201
6 D11S907 11pi13 Wilms' tumor 1 163-173
7 D115914 11p13-pi12 Wiims' tumor 1 275-285
8 D13S119 13q143-q22 7 124-140
9 D13S173 13q32-q34 ? 166-178
10 D13S219 13q123-q13 ? 117-127
11 D13S263 13q14.1-q14.2 ? 145-165
12 D16S518 16q23.1-q24.2 CDH 1 272-290

(adjacent to it)
13 D16S402 16q24.2 CDH 1 161-187

(adjacent to it)
14 D178791 17q BRCA 1 165-199
15 TP53 17p13 P53 104

FHIT, fragile histidine triad.

Results

Of the 220 cases, 14 (6.4%) contained less than three
profiles and 206 (93.6%) contained more than three pro-
files of duct cross-sections, with a total of 5698 profiles
available for assessment. Of the total cases and cross-
sections examined, 94 (42.7%) cases contained a dis-
rupted myoepithelial cell layer with a total of 405 (7.1%)
focal disruptions. Of the 94 cases, 61 (65%) contained
one to four disruptions, and 33 (35%) contained five or
more disruptions. Disruptions occurred in two forms: a
cell-free gap between the two ends of the myoepithelial
cell layer, and/or a gap filled with bud-like protrusions of
epithelial cells. The size of disruptions varied substantially
among ducts, ranging from the combined size of three to
more than 30 myoepithelial cells. The frequency of disrup-
tions also varied substantially among cases. In two cases
that contained 129 and 130 profiles of duct cross-
sections, respectively, no disruption was seen. In another
two cases, two of two profiles and five of the seven pro-
files demonstrated focal myoepithelial layer disruptions.
The form, size, or frequency of disruptions seemed to be
independent of the size, length, architecture, and overall
ER negativity of the ducts, and also of the histological
grade of the lesions (Fig. 1).

R233




L]

-

R234

Breast Cancer Research Vol5No6 Manetal

Figure 1

Disruptions of myoepithelial cell layers are independent of the size,
length, architecture, and overall estrogen receptor (ER) negativity of
the ducts. Paraffin-embedded breast tissue sections were double
immunostained with antibodies to ER and smooth muscle actin, and
were developed with 3,3’-diaminobenzidine (DAB; black or brown) and
3-amino-9-ethylcarbazole (AEC; red) chromogens, respectively.
Distinct myoepithelial cell layers are seen in the following structures:
(@) a large duct with ductal carcinoma in situ (DCIS), 100x; (b) a long
normal duct, 40x; (c) a duct with intraductal hyperplasia, 100x;

(d) intermediate grade ER-negative DCIS, 100x.

Table 2

The frequency and pattern of myoepithelial cell layer dis-
ruptions, however, were closely associated with the ER
expression status in overlying cells. Of the 94 cases, 79
(84%) contained only ER-negative cell clusters, nine
(9.6%) contained both ER-negative and ER-positive cell
clusters, and six (6.4%) contained only ER-positive cell
clusters overlying the disrupted myoepithelial cell layers.
Of the 405 disruptions, 350 (86.4%) were overlain by ER-
negative cell clusters and 55 (13.6%) were overlain by
ER-positive cell clusters (Table 2). The frequency of
myoepithelial cell layer disruptions associated with
ER-negative cells was significantly higher (P<0.01) than
that associated with ER-positive cells, The nhumber of ER-
negative cells overlying the disrupted myoepithelial cell
layer varied markedly, ranging from three to more than
100 cells. These cells were generally distributed as clus-
ters, and cells of the same cluster were morphologically
similar. A vast majority (>90%) of the ER-negative cell
clusters were small (<15 cells) and not easily appreciable
on H&E stained sections (Fig. 2). The ER-negative cells in
some of the larger clusters (>15 cells), however, showed
noticeable alterations in shape and density, morphologi-
cally distinct from their adjacent ER-positive counterparts
within the same duct (Fig. 3). More than 95% of the ducts
contained only one or two disruptions, while a few of the
ducts displayed multiple disruptions in the myoepithelial
cell layer (Fig.4). The stromal tissues surrounding ducts
with myoepithelial cell layer disruptions were often more
vascular and contained more leukocyte aggregates, com-
pared with stromal tissues surrounding ducts with an
intact myoepithelial cell layer (data not shown).

Although more than 86% of the myoepithelial cell layer
disruptions were overlain by ER-negative cell clusters,
nearly 14% of the disruptions were subjacent to ER-posi-
tive cell clusters. These ER-positive clusters were gener-
ally distinct from ER-negative cell clusters in three
aspects: most of the clusters occurred in ducts with
markedly attenuated myoepithelial cell layers, they usually
showed no alterations in cell shape, density, or polarity,
and the surrounding stromal tissues displayed no distinct
morphological alterations (Fig. 5).

The myoepithelial cell layer disruptions and their associ-
ated ER-negative cell clusters occurred in ducts with
DCIS or atypical intraductal hyperplasia in 90.6% of the
cases. In 9.4% of the cases, however, myoepithelial cell
layer disruptions and associated ER-negative cell clusters

Frequency of myoepithelial cell layer disruptions and the status of estrogen receptor expression

Total cross-sections Total disruptions

Focal loss of estrogen receptor

Estrogen receptor-positive P

5608 405 (7.1%)

350 (86.4%)

55 (13.6%) <0.01




Figure 2

Available online http://breast-cancer-research.com/content/6/6/R231

Figure 3

Myoepithelial cell layer disruptions and overlying small estrogen
receptor (ER)-negative cell clusters (<15 cells) in ER-positive ductal
carcinoma /n situ (DCIS). (a) H & E staining of a large duct with DCIS,
100x; (b) the adjacent section of (a) immunostained, 100x; (c) a
higher magnification of (a); (d) a higher magnification of (b). The
myoepithelial cell fayer disruption and the overlying ER-negative cells
are identified with an arrow.

were seen in hyperplastic, and even normal appearing,
ducts (Fig. 6).

All the ER-negative cell clusters overlying the disrupted
myoepithelial cell layer and their adjacent ER-positive
counterparts in all 20 cases showed distinct immunoreac-
tivity to cytokeratin 8, cytokeratin 19, and cytokeratins
AE1/AES3, suggesting that they are epithelial in nature
(data not shown). Immunostaining with antibodies to colla-

Myoepithelial cell layer disruptions and overlying larger estrogen
receptor (ER)-negative cell clusters (>15 cells) in ER-positive
neoplastic and hyperplastic ducts. All sections were immunostained for
ER (brown) and smooth muscle actin {red). (a) Ductal carcinoma in
situ, 100x; (b) two small ducts with atypical intraductal hyperplasia,
100x; (c) a hyperplastic duct, 100x; (d) two hyperplastic ducts,
200x%. Myoepithelial cell layer disruptions and ER-negative cell clusters
are identified with arrows.

genlV and laminin revealed no distinct immunoreactivity
surrounding disrupted myoepithelial cell layers, suggest-
ing that the basement membrane was also disrupted (data
not shown). The ER-negative cell clusters were either in or
protruded from the epithelial component.

Molecular analyses on microdissected cells from the five
selected cases revealed distinct LOH and Ml in both
ER-negative cells and adjacent ER-positive cells within the
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Figure 4

Multiple myoepithelial cell layer disruptions and overlying estrogen
receptor (ER)-negative cell clusters in ductal carcinoma in situ. (a) A
paraffin section immunostained for ER (brown) and smooth muscle
actin (SMA) (red), 200x; (b) a higher magnification of (a), 400x; (¢) a
paraffin section immunostained for ER (brown) and SMA (red), 200x;
(d) a higher magnification of (c), 400x. Myoepithelia! cell layer
disruptions and ER-negative cell clusters are identified with arrows.

same duct at each of the 15 DNA markers. The frequency
of LOH and Ml among the DNA markers, however, varied
from 12% to more than 70%. The ER-negative and
ER-positive cells showed a different frequency or pattern
of LOH and M! at 10 of the 15 markers, including those at
chromosomes 3p, 11p, 13q, and 16q. Figure 7 shows
examples of the LOH pattern in ER-negative cells and
adjacent ER-positive cells from a selected case. Subse-
quently, and currently, additional cases with ER-negative
cell clusters overlying disrupted myoepithelial cell layers

were selected for a larger scale comparison at a wider
spectrum. The preliminary results are in agreement with
those seen in the five previously selected cases. The
detailed findings in all these cases will be pooled and
reported separately.

Discussion

The myoepithelial cell layer has been traditionally regarded
as a structural barrier for separating mammary epithelial
cells from the surrounding stroma and for contracting
ductal and lobular spaces assisting milk secretion [25,26].
Recent studies, however, have revealed several lines of
evidence suggesting that myoepithelial cells may play
active roles in preventing in situ tumors from invasion, and
in regulating the functions of the epithelial cells.

First, normal myoepithelial cells secrete several cell growth
inhibitors, including maspin, which inhibit tumor cell growth
in both tissue cultures and in animal models [27-29].
Second, normal myoepithelial cells can convert precursor
hormones into active steroid hormones within the
mammary epithelial tissue [30]. Third, the protein of a
tumor suppressor gene, Wilms' tumor 1, is colocalized with
maspin exclusively in myoepithelial cells, and the expres-
sion of these two proteins is linearly decreased with tumor
progression in a vast majority of the cases assessed
[10,11]. The loss of maspin and Wilms' tumor 1 expression
or the disruption of myoepithelial cell layers leads to a sig-
nificantly higher epithelial cell profiferation [10,11].

On the other hand, recent studies have suggested that
myoepithelial cells could be the specific target of external
and internal insults and could be subject to a variety of
normal and pathologic changes. The exposure to lambda
carrageenan could specifically result in the filament disas-
sembly and loss of the mammary myoepithelial cells,
whereas exposure to oxytocin could markedly enhance the
myoepithelial cell differentiation and proliferation [31,32].

Our recent study has further demonstrated a subset of
myoepithelial cells that are morphologically distinct on
H&E sections, but are devoid of expression of nine phe-
notypic markers that are supposed to be exclusively or
preferentially expressed in myoepithelial cells [33].

Despite this recent progress in myoepithelial cell research,
the cell kinetics of myoepithelial cells has not been eluci-
dated, and the mechanism of myoepithelial cell layer dis-
ruptions remains elusive.

Based on our recent findings, we hypothesize that disrup-
tions of the BM and myoepithelial cell layers and tumor
invasion may be initiated or mediated by myoepithelial
cells. Our hypothesized mechanism and the involved
processes are as follows. Normal myoepithelial cells fre-
quently undergo proliferation and differentiation to replace
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Figure 7

200Bp _

(e) D13S119

D118902

D135263  DI6Ss18

M: DNA size marker; N: Normal; +: ER positive cells; ~; ER negative cells; Bp: base pair

Comparison of the loss of heterozygosity (LOH) pattern in estrogen receptor (ER)-negative cells and adjacent ER-positive cells within the same
duct. (@) H & E staining of a duct with atypical intraductal hyperplasia, 200x; (b) the adjacent section of (a) immunostainined (before
microdissection), 200x; (c) microdissection of ER-positive cells; (d) microdissection of ER-negative cells; () LOH at four selected DNA markers.
Asterisks indicate the ER-negative cells and the ER-positive cells removed; arrows identify LOH.

facilitating the formation of a biclogically more aggressive
cell clone. Epithelial cells overlying disrupted myoepithelial
cell layers then undergo a localized epithelial cell proiifera-
tion, which may occur in two forms: stem cell mediated
proliferation that gives rise to ER-negative cell clusters,
and differentiated cell mediated proliferation that produces
ER-positive cells. Finally, cells overlying disrupted myo-
epithelial cell layers undergo cytodifferentiation, releasing
stage-restricted and invasion-associated molecules, which
trigger angiogenesis, tissue remodeling, and increasing

production of growth factors in the stroma, providing a
favorable environment for epithelial cell growth [34-36].
These interactive changes between epithelial and stromal
cells lead to further degradation of the BM and myoepithe-
lial cell layers, and a clonal expansion and stromal invasion
of cells overlying disrupted myoepithelial cell layers.

Our hypotheses appear to be supported by the results of
two recent studies showing that the frequency of white
blood cell infiltration into the tumor tissues seems to lin-




early increase with tumor progression [37,38]. Our
hypotheses are also in an agreement with the results of
our most recent study, which reveals that ducts with
focally disrupted myoepithelial cell layers have a signifi-
cantly higher rate of white blood cell infiltration and more
clusters of multiple proliferating cells compared with mor-
phologically comparable ducts without myoepithelial dis-
ruptions (unpublished data). It is not known, however,
whether or to what extent our hypothesis reflects the
intrinsic mechanism of the BM and myoepithelial cell layer
disruptions. However, given the fact that the disruption of
the BM and myoepithelial cell layers is an absolute prereq-
uisite for tumor invasion, and that progression of breast
tumors is paralleled by a progressive hormonal indepen-
dence [14-17], our hypothesized model might open a
new window for exploring these issues.

The mechanism for the loss or diminution of ER expres-
sion in cells overlying a disrupted myoepithelial cell layer is
unknown, but could result from several reasons. First,
these cells might be in the status of actively proliferating.
A previous immunohistochemical study in human breasts
has shown that none of the epithelial cells with ER expres-
sion and progesterone receptor expression was proliferat-
ing, and none of the proliferating cells showed either ER
or progesterone receptor expression [39]. Second, the ER
gene in these cells might have been inactivated by methy-
lation during tumor progression. Previous studies have
shown that the progression of breast tumors is paralleled
by a progressive hormonal independence [14-17]. Third,
these cells might express a different type of ER, including
variants of the B-ER. A recent study has revealed that
o-ER and B-ER are separately localized in a subset of
breast tumors and appear to have different functions [40].
Fourth, these cells might be derived from the myoepithelial
lineage. A number of previous studies have shown that
myoepithelial cells can express partial myodifferentiation in
human breast cancer [41-43]. Finally, these cells are
newly formed through a stem cell mediated clonal prolifer-
ation and are not mature enough to express the ER
protein. Previous studies have demonstrated that the ER
expression status is related to the age or differentiation
status of the cells [25,44].

While each of these five assumptions could partially
explain the loss of ER expression in cell clusters overlying
disrupted myoepithelial cell layers, a stem cell mediated
clonal proliferation appears to be a more reasonable inter-
pretation, as our most recent studies on the same tissues
used in the current study have further revealed several
new features of these ER-negative clusters: negativity to
p-cadherin, a newly introduced specific myoepithelial cell
marker; strong immunoreactivities to epithelial-specific
antigen,; lost or markedly reduced expression of p27, a cell
growth inhibitor; and a unique rate and pattern of cell pro-
liferation-related proteins [45,46]. It is also possible,
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however, that these ER-negative clusters represent the
intermediate cells of a myoepithelial lineage, as our previ-
ous study has revealed that a subset of morphologically
distinct myoepithelial cells is devoid of the ER and also a
total of nine markers that are supposed to be exclusively
or preferentially expressed in myoepithelial cells [33]. In
any case, the loss or reduction of the ER, along with a dif-
ferent pattern of genetic alterations, suggests that the ER-
negative clusters and their adjacent ER-positive
counterparts may have substantially different genetic and
biochemical profiles. Consequently, comparisons of these
two cell populations at DNA, RNA, and protein levels may
lead to identification of very specific biomolecules that are
exclusively associated with myoepithelial cell layer disrup-
tions and tumor invasion. These molecules might be used
for development of vaccine or biomarkers for early detec-
tion, treatment, and prevention of breast cancer [47].

Conclusions :

A total of 405 focal disruptions in the myoepithelial cell
layers were detected from 5698 duct cross-sections of 94
patients with DCIS. Of the 405 disruptions, 350 (86.4%)
were overlain by ER-negative cell clusters and 55 (13.6%)
were overlain by ER-positive cell clusters (P<0.01).

The microdissected ER-negative and ER-positive cells
within the same duct from all five selected cases showed
a different frequency or pattern of LOH and/or Ml at 10 of
15 markers.

The loss or reduction of ER expression, along with a differ-
ent pattern of genetic alterations, suggests that the
ER-negative cell clusters and their adjacent ER-positive
counterparts might have substantially different genetic and
biochemical profiles.
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Abstract

Introduction: Immunostaining for smooth muscle actin (SMA)
is commonly used to elucidate mammary myoepithelial (ME)
cells, whose presence or absence is a reliable criterion for
differentiating in situ and invasive carcinomas. However, some
morphologically distinct ME cells fail to stain for SMA. This
* study intended to assess whether these SMA-negative cells
also lack the expression of other ME cell markers.

Methods: Hematoxylin/eosin  and SMA immunostained
sections from 175 breast cancer patients were examined.
Three cases were found to harbor ducts that showed
morphologically distinct ME cell layers, but showed no SMA
immunostaining in at least one-third of the layer or the entire
layer. Eight additional consecutive sections from each case
were stained for SMA, using a black chromogen, and each was
then re-stained for one of eight additional markers supposed to
exclusively or preferentially stain ME cells, using a red

chromogen. SMA-negative ME cells were re-examined for the
expression of other markers.

Results: SMA-negative ME cells in two cases also failed to
display immunoreactivity for other markers, including calponin,
CD10, smooth muscle myosin heavy chain, protease inhibitor 5
{maspin), Wilms' tumor-1, and cytokeratins 5, 14, and 17
(CK5, CK14, and CK17). However, in one case SMA-negative
ME cells displayed immunoreactivities for maspin, CK5, CK14,
and CK17. The distribution of these ME cells is independent of
ductal size, length, and architecture.

Conclusions: A subset of morphologically identifiable ME cells
lack the expression of nine corresponding immunophenotypic
markers, suggesting that ME cells might also be subject to
different normal and pathological alterations.

Keywords: double immunohistochemical staining; myoepithelial cell layer; myoepithelial cell markers; myoepithelial~epithelial cell interaction

Introduction

The epithelial component of normal and non-invasive breast
tissues is normally surrounded by a layer of myoepithelial
(ME) cells, whose absence or disruption is an absolute pre-
requisite for tumor invasion and metastasis [1]. ME cells
are not easily identifiable in hematoxylin/eosin (H&E)-
stained breast tissue sections, as they are often indistin-
guishable from subjacent myofibroblastic cells in the
stroma. Immunohistochemical staining for smooth muscle
actin (SMA) has been routinely used to assist in the identifi-
cation of ME cells [2]. However, we and others have
repeatedly noted that about 4-6% of morphologically rec-

ognizable ME cells in H&E-stained sections fail to display
SMA immunoreactivity [3,4]. We attempted to assess
whether these SMA-negative cells also lack the expression
of eight additional markers that are supposed to present
exclusively or preferentially at ME cells.

Materials and methods

Case selection

Formalin-fixed, paraffin-embedded tissue blocks from
female patients with breast lesions were retrieved from
files of the Armed Forces Institute of Pathology. Consecu-
tive sections at 4-5 um thickness were cut and placed on

CK = cytokeratin; ER = estrogen receptor; H&E = hematoxylin/eosin; ME = myoepithelial; SMA = smooth muscle actin; SM-MHC = smooth muscle

myosin heavy chain; WT-1 = Wilms' tumor-1.
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Table 1

Antibodies used In this study

Antibody Company Clone Titer Staining patten
Alpha-smooth muscle actin Novocastra asm-1 1:50 Cytoplasmic
Maspin Novocastra EAW24 1:26 Cytoplasmic and nuclear
Calponin Novacastra CLAP 1:25 Cytoplasmic
Smooth muscle myosin heavy chain Dako SMMS-1 1:100 Cytoplasmic
‘Wilms' tumor protein Cell Marque 6F-H2 1:10 Cytoplasmic
CD10 Novocastra 56C6 1:80 Cytoplasmic
Cytokeratin 6 Novocastra XMm26 1:100 Cytoplasmic
Cytokeratin 14 Novocastra LLo02 1:20 Cytoplasmic
Cytokeratin 17 Novocastra E3

1:20 Cytoplasmic

positively charged microscopic slides. A total of 175
cases with distinct ME cells, defined as a continuous layer
of spindle- or cuboid-shaped cells that overlie the base-
ment membrane and encircle epithelial cells, were
selected for this study. Among the 175 cases, all con-
tained non-invasive lesions, including ductal and lobular
carcinoma in situ and sclerosing adenosis, and a few
cases had invasive components.

Markers and reagents

Nine antibodies reported to present exclusively or prefer-
entially at ME cells were selected for this study [6-25]
(Table 1); these included antibodies against SMA, smooth
muscle myosin heavy chain (SM-MHC), CD10, calponin,
protease inhibitor 5 (maspin), Wilms’ tumor-1 (WT-1), and
cytokeratins 5, 14, and 17 (CK5, CK4, and CK17). Other
reagents, including the secondary antibody, detection kits,
and chromogen kits, were purchased from Vector Labora-
tories, Inc (Burlingame, CA). Digestion enzymes recom-
mended for antigen retrieval were bought from Sigma (St
Louis, MO). A microwave oven and pressure cooker des-
ignated for antigen retrieval, along with retrieval solutions,
were purchased from Biocare Medical (Walnut Creek,
CA).

Iimmunohistochemical staining

A preliminary study was performed to optimize the
immunostaining condition for all antibodies selected. First,
each of the nine antibodies was tested strictly in accor-
dance with the manufacturer's recommended protocol,
including the methods of antigen retrieval and the length
of the primary antibody incubation time. Then, each anti-
body was tested with our published protocol, which
involves an overnight incubation of deparaffinized sections
at 70°C in the retrieval solution and an incubation for
3-4 hours or overnight of the primary antibody at about
25°C [26]. Two adjacent sections stained by using our

protoco! and the manufacturer's recommended protocols
were compared for specificity and sensitivity. As our pro-
tocol consistently yielded stronger and more distinct stain-
ing for all the antibodies, the final staining for all the 175
cases with SMA and a double immunostaining with addi-
tional markers in selected cases (see below) were per-
formed with our published protoco! [26].

Double immunohistochemical staining

All H&E-stained and immunostained sections were
reviewed independently by at least two investigators. All
ducts lined by at least 50 epithelial cells were examined,
and three cases were found to contain ducts that dis-
played morphologically distinct ME cell layers in H&E-
stained sections, but ME cells in at least one-third of the
layer or the entire layer were devoid of SMA staining. Eight
consecutive sections from each of the three selected
cases were used for a double immunostaining with our
published protocols [26,27]. In brief, all eight sections
were first immunostained for SMA with a black chro-
mogen. Each section was then stained for one of the eight
additional ME markers with a red chromogen. The same
ducts with SMA-negative ME cells were examined for the
expression of other markers. In addition, sections from all
three cases were immunostained for estrogen receptor
(ER) and CK8 to exclude the possibility that these SMA-
negative cells might be epithelial in nature.

Results and discussion

Results showed that all three cases spanned a morpho-
logic spectrum ranging from columnar cell hyperplasia to
ductal carcinoma in situ. Case 1 {columnar cell hyperpla-
sia) contained two ducts of interest lined by about
500 epithelial cells surrounded by morphologically distinct
ME cell layers on the H&E-stained section (Fig.1a). The
ME cells in about two-thirds of the ME layer showed dis-
tinct and strong SMA immunostaining, whereas the cells




Figure 1

Immunostaining pattern of ME cells in columnar hyperplasia (case 1).
(a) H&E staining; (b) immunostaining for SMA; (¢c—f) double
immunostaining of SMA with SM-MHC, WT-1, CD10, and calponin,
respectively, and the segment of the ME layer is negative for all
antibodies; (g-}) double immunostaining of SMA with maspin, CKS5,
CK14, and CK17, respectively, and the segment of the ME layer is
positive for all antibodies.

in about one-third of the layer were devoid of SMA
immunostaining (Fig.1b). The SMA-positive and SMA-
negative cells were morphologically indistinguishable on
H&E-stained sections. In double immunostained sections,
these SMA-negative cells were also negative for SM-
MHC, WT-1, CD10, and calponin (Fig.1c—f). However,
these SMA-negative cells were positive for maspin, CK5,
CK14, and CK17 (Fig. 1g-j).

Cases 2 and 3 contained ductal carcinoma in situ, of
intermediate grade and low grade, respectively. The ducts
were surrounded by morphologically distinct ME cell
layers in H&E-stained sections (Fig.2a). These ME cell
layers were attenuated, consisting of elongated spindle
cells with dark and compressed nuclei. The entire ME cell
layer was devoid of SMA immunostaining (Fig.2b). In
double immunostained sections, these SMA-negative cells

Avallable online http://breast-cancer-research.com/content/5/6/R151

were also devoid of distinct immunostaining for any of the
additional eight markers (Fig. 2¢—f).

The SMA-negative cells in all three cases showed distinct
negativity to ER and CKB8, in sharp contrast with the over-
lying epithelial cells that showed strong ER and CK8 posi-
tivities (data not shown). The distribution of these
SMA-negative ME cells seemed to be independent of the
ductal size, length, and architecture.

Our findings are consistent with those of a recent study
showing that a vast majority of the ME cells in both normal
and ductal carcinoma in situ displayed distinct immuno-
staining to p63, SM-MHGC, and calponin, whereas a single
or a cluster of a few ME cells in some ducts failed to show
immunoreactivity to all these three markers [28]. However,
our study differs from this study [28] and previous studies
[3,4] in four aspects: first, the SMA-negative cells were
segmented, accounting for at least one-third or all of the
ME cells in involved ducts; second, we tested for more
ME cell markers; third, the SMA-negative cells assessed
were morphologically similar to their adjacent SMA-posi-
tive neighbors on H&E-stained sections; fourth, our focus
is directed toward the elucidation of the detailed immuno-
histochemical profile of these SMA-negative cells identi-
fied in 3 of 175 examined cases. The distribution of
different ME markers among normal, benign, and malig-
nant breast lesions in the remaining cases will be pre-
sented separately. In our study, p63 was replaced with
WT-1 for three main reasons: first, p63 is a nuclear
protein, which is not easily identifiable in attenuated or
compressed ME cells; second, previous studies have
shown that this protein is also expressed in ME-cell-
derived neoplasms and tumors with squamous cell differ-
entiation [29]; third, our preliminary study had showed that
WT-1 had the same subcellular localization but seemed to
be more specific for ME cells, compared with p63 [12].

The mechanism of the loss of myoepithelial markers in
some of the ME cells is unknown, but could result from the
dynamic and reciprocal interactions between epithelial
and ME cells. It has been documented that a variety of
proteolytic enzymes produced by malignant epithelial cells
could have substantial impacts on the physical integrity or
functions of the subjacent ME cells and the basement
membrane [80-32]. In contrast, ME cells could influence
the biological behavior of subjacent epithelial cells. Our
recent studies have revealed the co-localization of maspin
and WT-1 exclusively in mammary ME cells [12]. In a vast
majority of cases, the expression of these two proteins
decreases linearly with tumor progression, and the loss of
these proteins or focal disruptions in the ME cell layers
leads to a significantly higher cell proliferation in the subja-
cent epithelial cells [12,33]. In addition, these changes in
ME cells could result from effects of certain chemical
compounds.
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Figure 2

Immunostaining pattern of ME cells in ductal carcinoma in situ (case 2). (a) H&E staining; (b) immunostaining for SMA,; (c~f) double
immunostaining of SMA with maspin, CK5, CK14, and CK17, respectively, and the entire ME cell layer is negative for these antibodies in some
ducts and is also negative for SM-MHC, WT-1, CD10, and calponin (not shown).

It has been reported that the exposure to lambda-
carrageenan could specifically result in filament disassem-
bly and loss of ME cells [34]. In contrast, exposure to
oxytocin could substantially enhance ME cell differentia-
tion and proliferation in mouse breasts [35]. In addition,
these SMA-negative ME cells might be newly formed
through stem-cell-mediated proliferation and are in the
transition to a terminally differentiated status. Our previous
studies on animal models have shown that intercalated
duct cells in adult rat submandibular glands are the
common progenitor for both the acinar and granular duct
cells [27,36]. A recent study in human breast has revealed
that CK5-positive cells are capable of giving rise to both
glandular and ME cell lineages [21]. In both cases the
intermediate cells showed an unusual immunostaining
pattern for several proteins [21,36].

The total loss of all nine ME cell immunophenotypic
markers suggests that these ME cells have genetic and
biochemical properties differing from their SMA-positive

R164 counterparts. The significance and consequence of these

changes in ME cells are unknown. However, given that the
disruption of the ME cell layer and basement membrane is
an absolute prerequisite for tumor invasion and metasta-
sis, these alterations in ME cells might affect the biological
behavior of the epithelial cells, making them prone to pro-
gression. Our assumption is in agreement with our previ-
ous findings, which have revealed that focal disruptions of
ME cell layers could lead to a significantly higher prolifera-
tion rate in subjacent epithelial cells [12,33]. Our assump-
tion is also supported by a recent study showing that
normal and tumor-derived ME cells differ substantially in
their ability to interact with luminal breast epithelial cells
for polarity and basement membrane deposition [37].
Further studies are currently in progress to elucidate the
biological behavior and genetic profile of epithelial cells
immediately subjacent to these SMA-negative ME cells.

Conclusions

A subset of morphologically identifiable ME cells lacks the
expression of nine corresponding immunophenotypic
markers, suggesting that, like the epithelial cells, ME cells



might also be subject to different normal and pathological
alterations, and that alterations in ME cells might signifi-
cantly affect the functions and biological behavior of the
adjacent epithelial cells.
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Summary

Immunohistochemical elucidation of many proteins in
formalin-fixed, paraffin-embedded tissues requires a
prior antigen unmasking treatment, which often dam-
ages both the morphology and genetic materials, making
subsequent assessments difficult or impossible. This
study attempted to develop a method that satisfies both
immunohistochemical and genetic analyses. Consecu-
tive sections were made from formalin-fixed, paraffin-
embedded breast and other tissues, and a set of Tour ad-
jacent sections from each case were treated with (1) rou-
tine H & E staining; (2) our unmasking protocol; (3) mi-
crowave oven irradiation; (4) pressure cooker incuba-
tion. After immunohistochemical staining, the tissue in
each section was scraped off, or the same cell clusters in
four sections were separately microdissected for DNA
extraction and PCR amplification. Compared to mi-
crowave and pressure cooker methods, our protocol
showed the following advantages: (1) a better preserva-
tion of the morphology; (2) a substantial reduction of
tissue detachments from slides; (3) effectiveness on all
antibodies tested, including those requiring enzyme di-
gestion or no prior unmasking; (4) higher PCR yields;
(5) larger (higher molecular weight) amplified PCR
products. Compared to the routine method on untreated
tissues, our method consistently produced a comparable
quality and quantity of PCR products. Our protocol,
however, takes a longer time to yield results.

* The opinions and assertions contained herein represent the
personal views of the authors and are not to be construed as of-
ficial or as representing the views of the Department of the
Army or the Department of Defense.

Pathol. Res. Pract. 199: 815-825 (2003)

Key words: Histotechniques — Antigen unmasking pro-
tocol — Immunohistochemical and molecular correlation-
Polymerase chain reaction (PCR) — Microdissection

Introduction

Genetic alterations determine the scope and extent of,
and also precede, biochemical abnormalities, whereas
the latter is the direct cause for a vast majority of human
diseases and pathological processes [6, 21]. Therefore,
the assessment of the correlation between genetic and
biochemical events holds significant promises in assist-
ing clinical diagnosis and treatment. The introduction of
several novel protocols has made it possible to correlate
the immunohistochemical and molecular events in
frozen and ethanol-fixed, paraffin-embedded tissues
[2-4]. The assessment in formalin-fixed, paraffin-em-
bedded tissues, however, has been hampered by the lack
of a reliable protocol that satisfies both immunohisto-
chemical and subsequent molecular procedures. Be-
cause of the “cross-links” induced by the formalin fixa-
tion, the immunohistochemical elucidation of a wide va-
riety of gene products, including p53 and most onco-
proteins, growth factors and their receptors, different
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hormone receptors, as well as most cell proliferation re-
lated molecules, requires a prior antigen unmasking
treatment using a proteolytic enzyme or high tempera-
ture [8, 18, 22]. The application of these antigen un-
masking methods, however, is often a difficult task, as
an under-treatment could yield false negative results,
whereas an overtreatment could damage the morpholo-
gy and genetic materials, making further analyses diffi-
cult or impossible /1,7, 19]. In a recent study, DNA ex-
tracts from formalin-fixed, paraffin-embedded tissue
sections pretreated with trypsin or heating in a pressure
cooker or a microwave oven were subjected to PCR am-
plification for a 110-bp portion of the beta-globin gene
[20]. The PCR efficiency was evaluated by two parame-
ters: (1) the cycle count in which the first visible band
was obtained (CYCLE, ;) and (2) the maximum amount
of PCR products (CONC,,,,). The study found that the
trypsin treatment significantly prolonged the CYCLE,;,
(p < 001), and PCR amplification did not reach the
“plateau” level with a maximum of 60 cycles. The PCR
efficiency was worse in microwave or pressure cooker
treatment, with neither CYCLE_;, nor CONC,_,, being
obtained [20]. The authors concluded that “A successful
PCR amplification may not be expected in sections that
are pretreated in a microwave oven or pressure cooker”
[20].

Attempting to reduce the destructive effects of anti-
gen unmasking methods on tissues, we had previously
developed an antigen unmasking protocol which in-
volves a 30—60 minute incubation of paraffin sections at
80 °C and an overnight incubation of deparaffinized sec-
tions in a regular oven at 70 to 80 °C in 10 mM citrate
buffer [9]. With this protocol, a variety of cytoplasmic
and nuclear antigens known to require microwave irra-
diation or enzymatic digestion for their optimal detec-
tion could be clearly demonstrated with better preserva-
tion of the morphology, less background, and more uni-
form immunoreactivities. Our subsequent study further
revealed that this protocol not only facilitated the im-
munohistochemical detection of estrogen receptor (ER)
proteins, but also facilitated the detection of ER mRNA
with in situ hybridization and in situ RT PCR techniques
[10], suggesting that this protocol might be able to satis-
fy both immunohistochemical and subsequent molecu-
lar biological assessments. This study intended to con-
firm previous findings by comparing the PCR efficien-
cies among immunostained tissues that were pre-treated
with our protocol or under a high temperature using a
microwave oven or a pressure cooker.

Materials and Methods
Reagents and instrument

Xylene, ethanol, and hematoxylin were obtained from
Fisher Scientific (Pittsburgh, PA). Positively charged

microscope slides were purchased from CMS (Houston,
TX). A pressure cooker designated for the antigen un-
masking procedure along with the antigen retrieval solu-
tion were purchased from Biocare Medical (Walnut
Creek, CA). A microwave was commercially purchased
and inspected by a certified technician of our institute.
Immunohistochemical staining reagents were from Vec-
tor Laboratories (Burlingame, CA). DNA extraction-re-
lated reagents were obtained from Sigma (St. Louis,
MO). An automated 377 DNA sequencer along with the
software and the User’s Manual, PCR amplification kits,
and the DNA size standard, were from Perkin-Elmer
(Foster City, CA). A total of 15 fluorescent dye-labeled
primer sets were purchased from Research Genetics
(Huntsville, AL), and the DNA sequence for each
primer set is available at public data bases. Elec-
trophoresis reagents, including 40% polyacrylamide gel
solution, ammonium persulfate, and TEMED, were
from Bio-Rad (Forster City, CA).

Tissue samples

Formalin-fixed, paraffin-embedded breast and other tis-
sues (including lung, cervix, and prostate) were re-
trieved from the files of Armed Forces Institute of
Pathology. Consecutive sections of 4-5 pm thickness
were cut and placed on positively charged microscope
slides. To minimize contamination or carrying over that
may interfere with a subsequent molecular analysis, a
“clear” cutting method was used, which involves the use
of distilled water, gloves, and a new blade for each case.

Antigen retrieval procedure

A set of four consecutive sections containing the same tis-
sue structures were prepared from each of selected breast
(n = 45), cervical (n = 25), lung (n = 18), and prostate
(n = 5) tumors, and sections were treated as follows:

Routine H & E stain

Sections were routinely deparaffinized with xylene
cleaned in ethanol and water, and processed for DNA
extraction, as described previously [11].

Our antigen unmasking protocol

Sections were first incubated in a regular oven at 80 °C
for 30 minutes and were deparaffinized with xylene anc
cleaned in ethanol and water. Deparaffinized sections
were incubated overnight with 1X antigen retrieval so-
lution or with home-made 10 mM sodium citrate buffe:
[9] in a regular oven at 65-80 °C and then processed foi
immunostaining.

Microwave oven irradiation
Sections were routinely deparaffinized with xylene anc
cleaned in ethanol and water. Antigen unmasking wax




Antigen Unmasking Protocol for Inmunohistochemical and Genetic Analyses + 817

carried out according to a commonly practiced protocol
[22], which involves a 10 minute (2 x 5 minutes) irradi-
ation of deparaffinized sections in 10 mM citrate buffer.
After the microwave irradiation, sections were cooled at
room temperature and processed for immunostaining.

Pressure cooker incubation

Sections were routinely deparaffinized with xylene and
cleaned in ethanol and water. Antigen unmasking was
carried out according to the protocol provided by the
manufacturer. Briefly, the deparaffinized sections were

placed in warm 1X antigen retrieval solution and heated
in the pressure cooker for 3 minutes. After heating, sec-
tions were transferred to fresh 1X antigen retrieval solu-
tion and heated under the same condition for 10 min-
utes. Then, sections were cooled at room temperature
for 10 minutes and processed for immunostaining.

Immunohistochemical staining

The antibodies tested and manufacturers’ recommenda-
tions for the prior treatment are listed in Table 1. Im-

Table 1. Antibodies tested and manufacturer’s recommendation for pretreatment

No Antibody Manufacturer Manufacturers recommend pretreatment
1 AR Vector Microwave oven or pressure cooker
2 Bcl-2 Vector ~Same as above
3 CD10 Vector “Same as above
4 CD31 Vector Same as above
5 CD44 Vector Same as above
6 CD117 Vector Same as above
7 c-erbB 2 Vector Same as above
8 CKS5 Vector Same as above
9 CK8 Vector Same as above

10 CK 34BE12 Vector Same as above

11 CK AE1/AE3 Vector Same as above

12 Collagen 4 Dako Same as above

13 Cyclin A Vector Same as above

14 Cyclin D3 Vector Same as above

15 E-Cadherin Vector Same as above

16 EGFR Vector Same as above

17 ER Vector Same as above

18 Ets-1 Vector Same as above

19 Ki-67 Dako Same as above

20 Maspin Vector Same as above

21 P16 NeoMarkers Same as above

22 P21 Dako Same as above

23 P24 Vector Same as above

24 P27 Vector Same as above

25 P53 Dako Same as above

26 PR Vector Same as above

27 Topoisomerase Ila Vector Same as above

28 WTI-1 Cell Marque Same as above

29 Vimentin Vector Same as above

30 Calponin Vector Trypsin digestion (TD)

31 CD34 Vector TD

32 CK10 Vector TD

33 CK19 Vector TD

34 ESA Vector TD

35 Fibronectin Vector TD

36 Tenancy Vector TD

37 SMA Vector TD or None

38 PAP Vector None

39 PCNA Vector None

40 PS2 Vector None

41 PSA Vector None

42 S100 Vector None

43 EMA Vector None
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munohistochemical staining was carried out as de-
scribed previously [9, 12]. Briefly, differently treated
tissue sections were incubated in 0.3% H,0, in methanol
for 30 minutes to block endogenous peroxidase activity
and in 10% normal serum in PBS to eliminate nonspe-
cific binding.

Then, sections were incubated with primary antibody
or control solution for 1-3 hours at room temperature or
overnight at 4 °C. After incubation, sections were
washed with PBS and sequentially incubated with bi-
otinylated secondary antibody, avidin-peroxidase or
avidin-alkaline phosphatase solution, and finally with a
chromogen. For double or triple immunostaining, the
stained sections were first incubated in PBS in 80 °C for
5 minutes to inactivate possible enzyme residuals, then
with a new antibody, as described above.

Microdissection and DNA extraction

After immunohistochemical staining, the tissue in each
of the sections was scraped off the slide and placed in a
separate PCR tube for DNA extraction. Since tissue de-
tachments were often seen in sections treated with the
microwave oven or pressure cooker method, microdis-
section was used to obtain a comparable number of cells
from the same and well-preserved areas in different sec-
tions of the same case. Microdissection was carried out
manually under a microscope for large and easily sepa-
rable tissues or with a computer-based laser capture mi-
crodissection machine for small samples. Microdissect-
ed cells from each of the four sections in the same case
were identically treated for DNA extraction and subse-
quent PCR amplification and detection to further ensure
that the comparison among the samples was carried out
under the same conditions (except the prior treatment).

PCR amplification, electrophoresis, and gel image analysis

A panel of 15 DNA markers at 6 different chromosomes
was used for the comparison of the PCR efficiencies
among different samples. The expected sizes of ampli-
fied PCR products among DNA markers varied from 95
to 290 base pairs (bp). The main features of the DNA
markers are listed in Table 2. An equal amount of DNA
extract (1.0-1.5 ul) from each sample was mixed with
10 u1 of PCR solution containing a pair of fluorescence
labeled primers. The mixture was covered with 40 u1 of
mineral oil. PCR amplification was carried out in a pro-
grammable thermal cycler (Perkin-Elmer, Forster City,

Table 2, DNA markers used for comparison of PCR efficien-
cies among samples

# Name Chromosomal Size
location (base pairs)
1 D3S1067 3p21.1-14.3 95
2 D13S219 13¢q12.3—q13 117-127
3 D13S119 13q14.3—q22 120-140
4 D3S1311 3q27-qter 134-152
5 D8S137 8p21.3-pll.1 150-162
6 D11829 11g23.3 143-163
7 D135263 13q14.1-142 145-165
8 D16S402 16q24.2 161-187
9 D178791 17q 165-199
10 D11S904 11p14-p13 185-201
11 D178785 17q11q23 181207
12 D8S505 8p 203-213
13 D3S1300 3p21.1-pl4.2 217-241
14 D11S9%914 11p13-pil2 275-285
15 D16S518 16¢23.1-q24.2 272290

CA) at the following settings: after a denaturation at
94 °C for 10 min, samples were amplified for 35-40 cy-
cles at 94 °C, 55 °C, and 72 °C, each for 1 min with a
final extension at 72 °C for 10 min. After amplification,
an equal volume of the PCR product from each sample
was mixed with the loading buffer, and the same amount
of mixtures from each sample was subjected to elec-
trophoresis in 5-6% polyacrylamide gels. The amplified
PCR products were detected with a 377 DNA sequencer
(Perkin-Elmer, Forster City, CA), and the gel images
were produced in accordance with the manufacturer’s
specifications and with our recently developed protocols
[13, 14]. The specific PCR products were located, and
the intensity of the DNA bands and the height of the
peaks in different samples were compared [15].

Results

According to the manufacturers, 29 of the 43 antibodies
listed in Table 1 require microwave irradiation or pres-
sure cooker incubation, 8 require enzymatic digestion,
and 6 require no special treatment for the optimal
demonstration of the corresponding antigens. However,
using our protocol of an overnight incubation at
65-80 °C, distinct immunostaining was readily appre-
ciable for each of the 43 antibodies. Compared to other

Figs. 1a~1h. Immunohistochemical staining for ER (brown) and ESA (red) in pretreated sections with different antigen un- P

masking methods.

1a. Routine H & E staining; 1b. Our protocol; 1¢. Microwave oven; 1d. Pressure cooker. le, 1f, 1g, and 1h are the higher magni-

fication of 1a, 1b, 1c, and 1d, respectively.
Arrows identify tissue detachment.

s




Antigen Unmasking Protocol for Immunohistochemical and Genetic Analyses - 819




820 - Y.-G.Man and A. Burgar

200bp

1000p - -

I
1

Figs.2-5. Comparison of the PCR efficiencies among cells microdissected from pretreated and immunostained sections. A P
The amplified PCR products of all samples were subject to electrophoresis at an equal volume, and the specific PCR products of

L&

200bp

100bp

& 1

12

£

:
3 4

s,

each DNA marker were detected with an automated DNA sequencer and underlined with a red line.
Fig. 2. Routine H&E staining; Fig. 3. Our protocol; Fig. 4. Microwave oven; Fig. 5. Pressure cooker.
a. before microdissection; b. after microdissection; ¢. amplified PCR products.

Arrows identify tissue detachments; Asterisks indicate tissues removed for DNA extraction and PCR amplification; M = DNA

size marker; 1-15: DNA markers listed in Table 2.
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antigen unmasking treatments on the adjacent sections,
our protocol also possesses the following advantages:
(1) a better preservation of the morphological detail; (2)
a substantial reduction of tissue detachments from
slides. Figures 1a to 1h show such comparisons in four
adjacent sections pretreated with different methods.

Under the same volume and PCR conditions, DNA
extracts from tissues scraped off or microdissected from
sections pretreated with our protocol consistently gener-
ated higher PCR yields and also produced PCR products
with higher molecular weights, compared to DNA ex-
tracts from tissue sections pretreated with microwave
oven irradiation or pressure cooker incubation. DNA ex-
tracts from tissues scraped off or microdissected from
sections pretreated with our protocol consistently gener-
ated a similar quality and quantity of PCR products,
compared to DNA extracts from routine H&E-stained
sections. Figures 2 to 5 show tissues microdissected
from each of the four adjacent sections and the compar-
isons of the resultant PCR products.

Our protocol is also effective for antigens that require
enzyme digestion or no pretreatment for their optimal
elucidation. Figures 6a and 6b show triple immunohisto-
chemical staining in the same section pretreated with
our protocol for three different antigens, Ki-67, epithe-
lial-specific antigen, and smooth muscle actin, which re-
quire three different treatments for their optimal detec-
tion.

Discussion

Antigen unmasking methods, using either microwave
oven or pressure cooker under a high temperature, or
proteolytic digestion with different enzymes, have been
routinely used in clinical and research laboratories for
the optimal detection of a wide variety of antigens in
formalin-fixed, paraffin-embedded tissues [8, 18, 22].
These methods, however, are not easy to use, since an
over-treatment could result in the destruction of the
morphology and detachment of the tissues, while an
under-treatment may yield false-negative results
[1,7,19]. Unfortunately, there are no objective criteria
available to monitor the unmasking process, or to assess
the unmasking effects before the completion of the en-
tire immunostaining process. Therefore, a series of pre-
tests have to be conducted to identify the optimal condi-
tion. A number of studies have shown that the optimal
condition for different antigens varies substantially;
also, the optimal condition for the same antigen changes
with the type of the tissues, length of the fixation, and

thickness of the sections [1, 7, 19]. Consequently, the
identification of the optimal condition for multiple anti-
gens could be a time- and reagent-consuming process or
is impossible to achieve if there are only limited sections
available. In contrast, our protocol is easy and safe to
use, as it only involves an overnight incubation of the
deparaffinized sections in a regular oven in antigen un-
masking solution. The incubation time and temperature
are very flexible, ranging from 65 °C to 80 °C and from
less than 10 to over 30 hours, respectively. Also, a vari-
ety of solutions could be used to produce a similar or
even better result. A recent study /5] has shown that an
overnight incubation at 70-80 °C in Tris-HCL buffer
(pH 9) could produce more distinct and stronger signals
for estrogen receptor, compared to an overnight incuba-
tion at the same temperature in sodium citrate buffer
(pH 6). Our method is also effective on all the tissues
tested, including lung, ovary, cervix, and prostate, and is
effective on tissues received from different institutes or
different countries. In addition, our recent study ob-
tained distinct immunohistochemical staining for andro-
gen receptor and cytokeratin 348E12 from rat sub-
mandibular glands that were fixed in formalin for over
20 days.

Our preference for an overnight incubation at
=70 °C in sodium citrate buffer is based on three rea-
sons or assumptions: (1) this temperature is higher than
the melting point temperature of all subtypes of paraffin,
such that it could dissolve and wash off any possible
paraffin residue that repels water-based solutions, pre-
venting the physical contact between tissues and
reagents; (2) this temperature is lower than the denatur-
ing temperature of DNA, RNA, and many proteins, such
that it may have less destructive effects on these
molecules, preventing tissue loss or detachment from
the slides; (3) the citrate buffer is acidic (pH 6), which
might be able to gradually disrupt the masking proteins
and “cross-links” induced by formalin fixation, increas-
ing the accessibility of probes or antibodies to their tar-
gets. Consistent with our assumptions, our previous
study has shown that our protocol not only facilitates
immunohistochemical detection of estrogen receptor
(ER) proteins, but also facilitates the detection of ER
mRNA with the in situ hybridization and in situ RT PCR
techniques [10]. In our current study, the quality and
quantity of amplified PCR products are consistently bet-
ter and higher in DNA extracts from tissues pretreated
with our unmasking method than those from tissues pre-
treated with a microwave oven or pressure cooker and
are very comparable to those from the adjacent untreat-
ed control tissues, further supporting our assumptions.

d Figs. 6a~6b. Triple immunohistochemical staining in a section pretreated with our protocol.
1. Ki-67 (black) recommended for a pretreatment with microwave oven or pressure cooker; 2. ESA (brown) recommended for a
pretreatment with trypsin digestion; 3. SMA (red), pretreatment is not needed.
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Our assumptions were additionally supported by the re-
sults of a most recent study [23], which compared the
DNA yields and PCR efficiencies among 33 serial sec-
tions of formalin-fixed, paraffin-embedded tissues that
were inserted into 33 microtubes and subjected to anti-
gen retrieval under three temperatures (80, 100, and 120
°C) and 11 variable pH values [2-12]. The study re-
vealed that the incubation of tissues at a higher tempera-
ture and at pH 6-9 gave higher yields of DNA, and that
the PCR products of these DNA extracts were compara-
ble to those of the control sample subjected to the stan-
dard, non-heating, enzymatic DNA extraction method
[23].

Taken together, these results suggest that our antigen
unmasking protocol could satisfy both the immunohis-
tochemical and subsequent molecular analyses in for-
malin-fixed, paraffin-embedded tissues. With our proto-
col, we have recently revealed a subset of morphologi-
cally comparable tumor cells, within the same duct, that
display substantially different immunoreactivities to es-
trogen receptor and also showed a different genetic pro-
file [16, 17]. These findings suggest that our protocol
may have both scientific and clinical values in assisting
the assessment of the correlation between genetic and
biochemical events in cells with antigens that could not
be elucidated without a pre-antigen unmasking treat-
ment. The drawback of our protocol, however, is that a
significantly longer time is needed to complete the ex-
perimental procedure.
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Morphologically Similar Epithelial and Stromal Cells in
Primary Bilateral Breast Tumors Display Different
Genetic Profiles

Implications for Treatment

Yan-gao Man, MD, PhD,* Gregg G. Magrane, PhD,f Ruth A. Lininger, MD,* Ting Shen, MD, PhD,*
Elizabeth Kuhls, MD, * Gary L. Bratthauer, MS, MT*

Abstract: The morphologic features of primary bilateral breast car-
cinoma have been well elucidated, but it is not known whether tumors
at two sides share a common genetic profile and undergo the same
clinical course. To address this issue, morphologically comparable
epithelial and stromal cells in 18 paired primary bilateral breast tu-
mors were microdissected and subjected to comparisons for the fre-
quency and pattern of loss of heterozygosity (LOH) and microsatellite
instability (MI), as well as the profiles of comparative genomic hy-
bridization. Of 18 paired bilateral epithelial samples assessed with 10
DNA markers at five chromosomes, 78 altered loci were found; of
these, 23 (29.5%) displayed concurrent and 55 (70.5%) showed inde-
pendent LOH, M1, or both. Of 18 paired bilateral stromal samples
assessed with the same markers, 70 altered loci were seen; of these, 9
(12.9%) displayed concurrent and 61 (87.1%) showed independent
LOH, M, or both. Collectively, all the markers and 30 (83.3%) of 36
paired bilateral epithelial and stromal cells displayed significantty
more (P < 0.01) independent than concurrent LOH, MI, or both. In
contrast, the epithelial cells of a pulmonary small cell carcinoma me-
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tastasized to both breasts displayed concurrent LOH at each of the
four altered loci. OF seven selected cases for comparative genomic
hybridization, six (86%) displayed chromosomal changes, but none
showed an identical pattern and frequency of changesin both breasts.
The significantly higher rate of independent genetic alterations in
morphologically comparable cells of paired bilateral primary breast
turmors supports the notion that the development and clinical course of
turmors in two sides differ substantially; consequently, different inter-
ventions might be needed for the optimal management of bilateral
breast tumors.

Key Words: bilateral primary breast tumor, comparative genomic
hybridization, loss of heterozygosity, microsatellite instability, stro-
mal-epithelial interaction

(Appl Immunohistochem Mol Morphol 2004;00:000-000)

linically detected female bilateral primary breast cancers

that represent either two independent primary lesions or
one primary lesion with metastasis account for 3% to 9% of the
total breast malignancies.' Occult or asymptomatic bilateral
cancers, however, have been reported in 34% to 50% of con-
tralateral mastectomy specimens prophylactically removed
from patients with a primary breast cancer, in 21% to 68% of
autopsy specimens from patients with a history of breast can-
cer, and in about 10% of mastectomy specimens removed for
benign disease.* > The substantially higher incidence of bilat-
eral breast cancers in autopsy and mastectomy specimen than
in clinical reports raises several questions: Why are so many
contralateral cancers occult or asymptomatic? Will occult or
asymptomatic cancers manifest as clinically evident cancers if
the patient’s life span increases? How could we accurately
identify specific individuals with occult or asymptomatic can-
cer? More importantly, the discrepancy of the incidence of bi-
lateral breast cancers between autopsy and mastectomy speci-
mens and clinical reports suggests that the clinical course of
bilateral tumors and the molecular mechanism of tumor pro-
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gression in the left and right breast differ substantially, and
some of the bilateral carcinomas in one side might either re-
gress or become latent during the patient’s lifetime. Conse-
quently, comparisons of the genetic profiles of cells in bilateral
breast cancers, especially those with progressive cancer in one
side and with a regressive or latent lesion in the other, might
lead to identification of specific factors that either promote de-
velopment and progression or promote regression and latency.
The use of the factors that promote regression or latency might
provide a novel approach for treatment and prevention of
breast cancer.

Based on the above findings and speculations, we hy-
pothesized that the genetic profiles of cells in primary bilateral
tumors differ substantially, explaining the discrepancy in the
bilateral breast cancer incidence between autopsy and mastec-
tomy specimens and clinical reports. In this study we at-
tempted to test our hypothesis by comparing the frequency and
pattern of loss of heterozygosity (LOH) and microsatellite in-
stability (M1) as well as the profiles of comparative genomic
hybridization (CGH) in both the epithelial and stromal cells of
morphologically similar primary bilateral breast lesions. This
study was directed more toward verifying the concept than
identifying specific alterations. More selective comparisons
will be carried out in patients with a progressive tumor in one
side and with a regressive or latent one in the other side, if
substantial differences are identified in the paired samples of
our current study.

MATERIALS AND METHODS

Collection and Classification of Tissue Samples

Formalin-fixed, paraffin-embedded biopsy samples or
unstained sections from 18 females with primary bilateral
breast tumors were retrieved from the files of Armed Forces
Institute of Pathology. Of the 18 patients, 16 were olderthan40
years and the other 2 were 17 and 27 years old. Ofthe 18 paired -
tumors, 16 occurred synchronously and 2 metachronously. In
metachronous tumors, the interval between the first and sec-
ond tumor was 36 months. Of the 18 paired epithelial lesions,
15 were noninvasive, 2 were invasive, and 1 was metastatic
{pulmonary small cell carcinoma with simultaneous metastasis
to both breasts). The morphologic classification of the lesions
was based on published criteria,'*'¢ and the main lesions are
listed in Table 1. Breast tissues obtained during bilateral re-
duction mammoplasty from 10 women who had no clinical,
radiologic, or histologic abnormalities were included in the
study as external controls.

Microdissection and DNA Extraction

Serial sections of 5 to 7 pm thickness were prepared and
processed for morphologic assessment. Morphologically simi-
lar epithelial and stromal cells in the left and right breast of
each case were manually microdissected under a standard mi-
croscope, placed in different tubes, and subjected to DNA ex-

TABLE 1. Age of Patients and Principal Types of Lesions

Case # Age Left (year) Right (year)
] 73 Inf W/lob; DCIS (G2); LN 3 (1998) Inf W/lob; DCIS (G2); LN 3 (1998)
2 54 DCIS (1989) DCIS (1989)
3 63 IDC (G3) (1994) IDC (G3) (1994)
4 58 DCIS (G1) (1998) Inv tubular; DCIS (G1) (1998)
5 45 IDC; DCIS (G2) (1999) IDC (G2); PCIS (G2) (1999)
6 55 DCIS (G1); LN 2 (1999) LN 2; IDH (1999)
7 41 IDC (1989) IDC (1989)
8 17 AIDH (1997) AIDH (1997)
9 69 IDC; DCIS (1997) IDC; DCIS (1997)
10 42 Inf small cell Ca (metastasis) (1989) Inf small cell Ca (metastasis) (1989)
11 44 AIDH; DCIS (G3); LN 3 (1998) DCIS (G3), IDH (1998)
12 58 Inv lob; LN 2 (1999) IDC (G3); LN 2 (1999)
13 63 DCIS (G1) (1999) IDC; DCIS (G1) (1999)
14 62 Inflob; LN 2; DCIS (2000) Inflob & duct; LN 2 (2000)
15 86 DCIS; IDH (1997) DCIS; IDH (1997)
16 54 DCIS; LN 1 (1996) IDC; DCIS (1996)
17 44 IDC; DCIS (G2), IDH (1995) LN 2; IDH (1998)
18 27 IDH (2000) IDC; IDH (1997)

The microdissected samples from each paired lesions are highlighted.
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traction as previously described.'”2° The tumor cells micro-
dissected from each case are listed in Table 1.

The number of microdissected cells from the left and
right breast was similar in each of the 18 cases. The histologic
type of microdissected cells from the two breasts was homo-
geneous in each of the 18 cases (see Table 1). Clear-cut normal
epithelial and stromal cells at least 1 cm away from the lesions
and from the tissues of 10 normal controls were also microdis-
sected and used as internal and external controls.

Assessment for LOH and Ml

Fiuorescent dye-labeled polymorphic DNA markers
were purchased from Research Genetics (Huntsville, AL). A
panel of 10 markers reported to show a high frequency of LOH
and MI in a wide variety of mammary carcinomas'”'® was
selected for the LOH and MI assessment (Table 2). Gene Amp
PCR kits, Taq gold DNA polymerase, gel loading buffer, and
the DNA size standard were purchased from Perkin-Elmer
(Foster City, CA). Polymerase chain reaction (PCR) amplifi-
cation was catried out as previously described.'”2° After am-
plification, 2 to 3 uL. PCR solution was mixed with 6 to 8 pL
gel loading buffer, and 1.0 to 1.5 pL of the mixture was sub-
jected to electrophoresis in 6% polyacrylamide gels. The sig-
nal was detected with a 377 DNA sequencer (Perkin-Elmer,
Foster City, CA) as previously described.'’® All tissue
samples amplified with each of the 10 DNA markers were ex-
amined for LOH and M, defined as “the complete absence or
at least a 75% reduction of one allele” and as “an addition or
deletion of one or more repeat units that result in a shift of
micro-satellite alleles,” respectively.’”2® A concurrent LOH
was defined as “the loss of an identical allele in cells from both
sides for a given marker.” An independent LOH was defined as
“the loss of an allele in cells from one side, or the loss in cells
from two sides at different alleles for a given marker.” The
samples that failed to produce distinct PCR products after three
attempts or showed homozygosity were considered non-

informative. Gel images of LOH
our recently published protocol==
pendent and concurrent LOH, T
and stromal samples that were ix—
statistically compared with the

CGH

Seven cases (cases 4, 6, &=
ficient DNA extracts were sele
was carried out according to
cols.?*** PCR-amplified DNA
cases and the normal referenc =~
were labeled with biotin-14-decmm
dATP) and fluorescein-12-deox=
(Du Pont NEN, Boston, MA), re=
(Gibco BRL, Gaithersburg, M3l
500 to 1,000 ng of each labelec
(Gibco BRL) at a total volume <
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phocytes for 48 to 72 hours at 3=
were washed and processed for—
described.?>** The CGH profilex
subregions of each chromosome=
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"morphologically similar epithe=
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TABLE 2. DNA Markers Used for Comparison of Genetic Alterations in Paired Bilateral Breast Lesic—

Chremosomal Harbored
Case # Name Location Gene

1 D3S51300 3p21.1-pl4.2 FHIT

2 D3S1481 3pld.2 FHIT

3 D115904 11pl4-p13 Wilms’ tumor 1

4 D11S914 11p13—pi2 Wilms’ tumor 1

5 D13S219 13gq12.3q13 ?

6 D138765 13 ?

7 D16S518 16¢23.1-q24.2 CDH 1 (adjacent to
8 D163402 16q24.2 CDH 1 (adjacent to
9 D178791 17q BRCA |
10 TP53 17p13 pS3
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Genetic Profiles for Bilateral Breast Tumors

traction as previously described.'”?° The tumor cells micro-
dissected from each case are listed in Table 1.

The nmumber of microdissected cells from the left and
right breast was similar in each of the 18 cases. The histologic
type of microdissected cells from the two breasts was homo-
geneous in each of the 18 cases (see Table 1). Clear-cut normal
epithelial and stromal cells at least 1 cm away from the lesions
and from the tissues of 10 normal controls were also microdis-
sected and used as internal and external controls.

Assessment for LOH and Mi
Fluorescent dye-labeled polymorphic DNA markers
were purchased from Research Genetics (Huntsville, AL). A
panel of 10 markers reported to show a high frequency of LOH
and MI in a wide variety of mammary carcinomas'”!® was
selected for the LOH and M1 assessment (Table 2). Gene Amp
PCR kits, Taq gold DNA polymerase, gel loading buffer, and
the DNA size standard were purchased from PerKin-Elmer
(Foster City, CA). Polymerase chain reaction (PCR) amplifi-
cation was carried out as previously described.'”° After am-
plification, 2 to 3 uL. PCR solution was mixed with 6 to 8 pL
“ge! loading buffer, and 1.0 to 1.5 pl. of the mixture was sub-
jected to electrophoresis in 6% polyacrylamide gels. The sig-
nal was detected with a 377 DNA sequencer (Perkin-Elmer,
Foster City, CA) as previously described.'” 2% All tissue
samples amplified with each of the 10 DNA markers were ex-
amined for LOH and M, defined as “the complete absence or
at least a 75% reduction of one allele” and as “an addition or
deletion of one or more repeat units that result in a shift of
micro-satellite alleles,” respectively.’”?° A concurrent LOH
was defined as “the loss of an identical allele in cells from both
sides for a given marker.” An independent LOH was defined as
“the loss of an allele in cells from one side, or the loss in cells
from two sides at different alleles for a given marker.” The
samples that failed to produce distinct PCR products after three
attempts or showed homozygosity were considered non-

informative. Gel images of LOH and MI were prepared using
our recently published protocols.?!*? The frequencies of inde-
pendent and concurrent LOH, MI, or both in paired epithelial
and stromal samples that were informative at both breasts were
statistically compared with the Student ¢ test.

CGH

’ Seven cases (cases 4, 6, 8, 11, 13, 14, and 15) with suf-
ficient DNA extracts were selected for CGH analysis, which
was carried out according to previously published proto-
cols.?*?* PCR-amplified DNA products from seven selected
cases and the normal reference DNA from normal females
were labeled with biotin-14-deoxyadenosine triphosphate (14-
dATP) and fluorescein-12-deoxyuridine triphosphate (dUTP)
(DuPont NEN, Boston, MA), respectively, using a Bionick kit
(Gibco BRL, Gaithersburg, MD). DNA mixtures containing
500 to 1,000 ng of each labeled DNA and 50 pg Cot 1 DNA
(Gibco BRL) at a total volume of 6 to 8 uL. were hybridized to
metaphase spreads prepared from normal human male lym-
phocytes for 48 to 72 hours at 37°C. After hybridization, slides
were washed and processed for image analysis as previously
described.*?** The CGH profile was analyzed and changes at
subregions of each chromosome were identified as previously
described. >2*

RESULTS
The leftand right breast in each of the 18 cases contained
morphologically similar epithelial and stromal cells, which
were generally distributed as distinct cell clusters, facilitating
the acquisition of a relatively uniform cell population by mi-

crodissection. Figures 1 and 2 show microdissected epithelial [Fifz

and stromal cells from two different cases. :

The frequencies and patterns of LOH, MI, or both de-
tected among different DNA markers are listed in Table 3. Dis-
tinct LOH, MI, or both were seen among the 36 paired bilateral
epithelial and stromal cells with each of the 10 DNA markers,

TABLE 2. DNA Markers Used for Comparison of Genetic Alterations in Paired Bilateral Breast Lesions

Chromesomal Harbored Size
Case # Name Location Gene (Base Pair)
1 D3S1300 3p21.1-pl4.2 FHIT 217-241
2 D3S1481 3pl42 FHIT 104
3 D118904 11pl4-pi3 Wilms’ tumor 1 185-201
4 D118914 11p13—pi2 Wilms” tumor 1 ] 275-285
5 D138219 13q12.3q13 ? 117127
6 D138765 13 ? 193
7 D16S518 16923.1-g24.2 CDH 1 (adjacent to it) 272-290
8 D165402 16924.2 CDH 1 (adjacent to it) 161-187
9 D178791 17q BRCA 1 165-199
10 TP53 17p13 p53 104
© 2004 Lippincott Williams & Wilkins 3
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Genetic Prcc

while the frequencies varied substantially among markers,
ranging from 17.9% (D118914) to 40.3%% (D135219) in in-
formative loci.

Of 18 paired bilateral epithelial samples assessed with
10 DNA markers at five chromosomes, 78 altered loci were
found; of these, 23 (29.5%) showed concurrent and 55 (70.5%)
showed independent LOH, MI, or both (see Table 3). Of 18
paired bilateral stromal samples assessed with the same mark-
ers, 70 altered loci were seen; of these, 9 (12.9%) showed con-
current and 61 (87.1%) showed independent LOH, M1, or both
(see Table 3). Collectively, of the 36 paired samples, 30
(83.3%) showed more independent, 3 (8.3%) showed an equal,
and only 3 (8.3%) showed more concurrent LOH, M, or both
(see Table 3). The rate of independent LOH, MI, or both was
significantly higher (P < 0.01) than that of concurrent LOH
and Ml in both epithelial and stromal cells (Table 4). The case
of pulmonary small cell carcinoma (case 10) with simulta-
neous metastasis to both breasts, however, showed concurrent
LOH at each of the four DNA markers (see Table 3). Figure 3
shows examples of LOH and MI in these paired bilateral epi-
thelial and stromal samples. No distinct LOH or MI was seen
in either the epithelial or stromal cells of the 10 bilateral reduc-
tion mammoplasty specimens from women having no clinical,
histopathologic, or radiologic abnormalities in their breasts.

Results of the CGH assessment are summarized in Table
5. Of the seven selected cases, chromosomal changes (gain or
loss of DNA copy numbers) were found in the epithelial com-
ponent in one side of three cases, in both sides of three cases,
and also in the stromal component of two cases. The total CGH
changes were distributed in five left and four right breasts. The
most common change was a loss of 16q, which was seen in five
epithelial components of four cases, followed by a loss of 11q,
which was seen in the epithelial and stromal components of
three cases. None of the cases that displayed CGH changes,
however, showed an identical frequency and pattern of
changes in the epithelial component of both breasts (see Table
5). On the other hand, an identical CGH change, a loss of 13q,
was detected in both the epithelial and stromal cells of the right
breast of one case (case 4). Figure 4 shows the CGH change in
each case.

DISCUSSION

Our findings of LOH and MI assessments were similar to
those of another recent study.?® In that study, tissue sections

from 31 young (age <50) patien—
cancers were subjected to muta=®
susceptibility genes 1 and 2 (B3
sessment with six DNA marke=
right) samples, 3 showedno LOZE
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78 altered loci were found, of wa
current and 55 (70.5%) showed &
Of the 18 paired bilateral stror=
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MLI, or both. Collectively, all 10
paired bilateral epithelial and =
independent whereas only 3 (8 ..
LOH, M1, or both. The results
report® are statistically similar
of independent LOH seen in =
wider age range, the use of m=
DNA markers.

By CGH, gains or lossess
found in one breast in three cass
cases. The most common changs=
seen in five epithelial compon. .
women (three of them were lob=
of 11q was detected in two epit_
nents of four breasts. None of
displayed an identical pattern =
the epithelial components of bo—
present bilaterally in one woma=
sia. An identical CGH change _
seen in both the epithelial and s=
breast in one case. To our know
reveals the loss of DNA copy m=
CGH technique. This finding =
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FIGURE 1. Examples of microdissection of morphologically similar epithelial and stromal cells fror=
solid tumors. L1: left, before microdissection; L2: microdissection of left stromal (ST) cells; L3: micrez
cells. R1: right, before microdissection; R2: microdissection of right stromal (ST) cells; R3: microd &

cells. (Magnification, 100 X)

FIGURE 2. Examples of microdissection of morphologically similar epithelial and stromal cells fror—
ductal carcinoma in situ. L1: left, before microdissection; L2: microdissection of left stromal (5T) <
epithefial (EP) cells. R1: right, before microdissection; R2: microdissection of right stromal (ST) ce 8

epithelial (EP) cells. (Magnification, 100 %)
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while the frequencies varied substantially among markers,
ranging from 17.9% (D11S914) to 40.3%% (D13S219) in in-
formative loci.

Of 18 paired bilateral epithelial samples assessed with
10 DNA markers at five chromosomes, 78 altered loci were
found; of these, 23 (29.5%) showed concurrent and 55 (70.5%)
showed independent LOH, M, or both (see Table 3). Of 18
paired bilateral stromal samples assessed with the same mark-
ers, 70 altered loci were seen; of these, 9 (12.9%) showed con-
current and 61 (87.1%) showed independent LOH, M], or both
(see Table 3). Collectively, of the 36 paired samples, 30
(83.3%) showed more independent, 3 (8.3%) showed an equal,
and only 3 (8.3%) showed more concurrent LOH, M], or both
(see Table 3). The rate of independent LOH, MI, or both was
significantly higher (P < 0.01) than that of concurrent LOH
and MI in both epithelial and stromal cells (Table 4). The case
of pulmonary small cell carcinoma (case 10) with simulta-
neous metastasis to both btreasts, however, showed concurrent
LOH at each of the four DNA markers (see Table 3). Figure 3
shows examples of LOH and MI in these paired bilateral epi-
thelial and stromal samples. No distinct LOH or MI was seen
in either the epithelial or stromal cells of the 10 bilateral reduc-
tion mammoplasty specimens from women having no clinical,
histopathologic, or radiologic abnormalities in their breasts.

Results of the CGH assessment are summarized in Table
5. Of the seven selected cases, chromosomal changes (gain or
loss of DNA copy numbers) were found in the epithelial com-
ponent in one side of three cases, in both sides of three cases,
and also in the stromal component of two cases. The total CGH
changes were distributed in five left and four right breasts. The
most common change was a loss of 16g, which was seenin five
epithelial components of four cases, followed by a loss of 11q,
which was seen in the epithelial and stromal components of
three cases. None of the cases that displayed CGH changes,
however, showed an identical frequency and pattern of
changes in the epithelial component of both breasts (see Table
5). On the other hand, an identical CGH change, a loss of 13q,
was detected in both the epithelial and stromal cells of the right
breast of one case (case 4). Figure 4 shows the CGH change in
each case.

DISCUSSION
Our findings of LOH and M1 assessments were similar to
those of another recent study.”® In that study, tissue sections

from 31 young (age <50) patients with bilateral primary breast
cancers were subjected to mutation analyses for breast cancer
susceptibility genes 1 and 2 (BRCA 1 and 2) and to LOH as-
sessment with six DNA markers. Of the 31 paired (left and
right) samples, 3 showed no LOH on all six DNA markers. The
rest of the 28 paired samples contained a total of 77 LOH at 58
paired chromosomat loci. Of the 28 paired samples, 17 (61%)
displayed more independent and 6 (21%) showed more con-
current LOH. Of the 77 LOH, 43 (56%) were distributed in the
left and 34 (44%) in the right breast. Of the 58 paired loci, 39
(67%) showed unilateral and 19 (33%) displayed bilateral
LOH. Also, five of six DNA markers displayed more indepen-
dent LOH. In our study, of the 18 paired bilateral epithelial
samples assessed with 10 DNA markers at five chromosomes,
78 altered loci were found, of which 23 (29.5%) showed con-
current and 55 (70.5%) showed independent LOH, MI, or both.
Of the 18 paired bilateral stromal samples assessed with the
same markers, 70 altered loci were seen, of which 9 (12.9%)
showed concurrent and 61 (87.1%) showed independent LOH,
MI, or both. Collectively, all 10 markers and 30 (83.3%) of 36
paired bilateral epithelial and stromal samples showed more
independent whereas only 3 (8.3%) showed more concurrent
LOH, MI, or both. The results of our study and the previous
report®® are statistically similar. The slightly higher frequency
of independent LOH seen in our study may result from the
wider age range, the use of microdissected cells, and more
DNA markers.

By CGH, gains or losses of DNA copy numbers were
found in one breast in three cases and in both breasts in three
cases. The most common change was a loss of 16q, which was
seen in five epithelial components of five breasts from four
women (three of them were lobular neoplasia lesions). A loss
of 11q was detected in two epithelial and two stromal compo-
nents of four breasts. None of the cases with CGH changes
displayed an identical pattern of chromosomal alterations in
the epithelial components of both breasts, though 16q loss was
present bilaterally in one woman with bilateral lobular neopla-
sia. An identical CGH change, a loss of 13q, however, was
seen in both the epithelial and stromal components of the right
breast in one case. To our knowledge, this is the first study that
reveals the loss of DNA copy numbers in stromal cells with the
CGH technique. This finding is in agreement with LOH as-
sessments of our previous studies on both breast and cervical
carcinomas, which have revealed that the epithelial and the

FIGURE 1. Examples of microdissection of morphologically similar epithelial and stromal cells from the left and right breast with
solid tumors. L1: left, before microdissection; L2: microdissection of left stromal (ST) cells; L3: microdissection of left epithelial (EP)
cells. R1: right, before microdissection; R2: microdissection of right stromal (ST) cells; R3: microdissection of right epithelial (EP)

cells. (Magnification, 100%)

FIGURE 2. Examples of microdissection of morphologically similar epithelial and stromal cells from the left and right breast with
ductal carcinoma in situ. L1: left, before microdissection; L2: microdissection of left stromal (ST) cells; L3: microdissection of left
epithelial (EP) cells. R1: right, before microdissection; R2: microdissection of right stromal (ST) cells; R3: microdissection of right

_ epithelial (EP) cells. (Magnification, 100 x)
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TABLE 3. Comparison of Frequency and Pattern of LOH and Ml in Paired EP and ST Cells

Marker
Cell
Case # Type 1 2 3 4 5 6 7 8 >
1 EP %) a Ind Ind Co (%)
ST a 142} Ind Co
2 EP Ind Ind 179 %]
ST Ind %] %]
3 EP Ind Ind [} Ind Co Ind Cc
ST Ind Ind Ind Ind Ind Ind Ind Ina
4 EP Ind @ ' 7] Co Co Cc
ST (%] 1%} Ind Ine
5 EP Ind Co %] Co Co 1] Ine
ST Ind %] Ind Ind Ina
6 EP Ind (%2 12} 1] Ind
ST g 7] Ind Ind Cc
7 EP Ind Ind Co Ind
ST Ind Ind Ind Co
8 EP Ind Ind [/4] Co
ST Ind Ind Ine
9 EP Ind Ind Ind Ind Ind Ind
ST Co Ind Co Ind
10 EP Co Co 172} (%] Co Co
ST Ind |42 Co Ind Ind
11 EP Ind Ind Ind
ST Co Ind Ind
12 EP Co Ind Ind Ind 7]
ST Ind ) Ind (%] Ind [%]
13 EP (7] Ind Ind (%) Ind Ind
ST 2] Ind Ind /2] Ind Ind
14 EP Ind Co Ind 1% Inc
ST Ind Ind Ind (%] Co Inc
15 EP Ind Ind (7] Co Inc
ST Ind
16 EP Ind (4] 1] Ind Ind Co [/2]
ST z 1% Co Ind Ind z
17 EP (%] (4] Ind Ind Ind Ind 17
ST 2] 1] Ind Ind Ind (%] Ind 4]
18 EP 1) Ind 1%} Ind Ind ()] &
ST (%] Ind [} Ind Ind 4] (%]
Co pair 2 4 0 2 4 4 4 5 3
Ind pair 14 13 13 6 17 11 7 13 8

LOH was defined as the complete absence or at least 75% reduction of one allele, and MI was defined as an addition o~
resulting in a shift of microsatellite alleles. A concurrent LOH was defined as “loss of an allele for a given marker in cells fror=
was defined as “loss of an allele only in cells from one breast, or cells in two breasts show LOH at different allele.” Empty sg
concurrent aiteration; Ind, independent alteration; ST, stromal cells; EP, epithelial cells.

surrounding stromal cells share the same genetic profile of a
majority of the DNA markers assessed.!”!” Together, these
findings suggest that stromal cells may be concurrently in-
volved or may even play initiative roles in the development
and progression of breast tumors.

6

The consistent detection o~
to reconcile with the traditional 8
nent consists of multiple cellul=
cally and biofunctionally diffex
LOH in a given stromal cell t=
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TABLE 3. Comparison of Frequency and Pattern of LOH and Ml in Paired EP and ST Cells

Marker
Cell Co Ind
Case # Type 1 2 3 4 5 6 7 8 9 10 Pair Pair
1 EP 1) 7] Ind Ind Co 4] Ind 1 3
ST (%] (%] Ind Co 1 1
2 EP Ind Ind 112} 1] 2
ST Ind %] (%] 2
3 EP Ind Ind (%] Ind Co Ind Co Ind 2 5
ST Ind Ind Ind Ind Ind Ind Ind Ind Ind 0 9
4 EP Ind /4] (%] Co Co Co Ind 3 2
ST 1] 1] Ind Ind Ind 0 3
5 EP Ind Co (%] Co Co ] Ind Co 4 2
ST Ind %] Ind Ind Ind Ind 0 5
6 EP Ind %] %] Ind 0 2
ST () |12} Ind Ind Co Ind 1 3
7 EP Ind Ind Co Ind Ind 1 4
ST Ind Ind Ind Co 1 3
8 . EP Ind Ind [ Co Co 2 2
ST Ind Ind Ind Ind 0 4
9 EP Ind Ind Ind Ind Ind Ind 7] 0 6
ST Co Ind Co Ind (%] 2 2
10 EP Co Co %] (%) Co Co 10} 4 0
ST Ind %2} Co Ind Ind 1 3
11 EP Ind Ind Ind 0 3
ST Co Ind Ind Ind 1 3
12 EP Co Ind Ind Ind (7} Co 2 3
ST Ind V2] Ind 1%} Ind 14 Ind 0 4
13 EP %] Ind Ind /4] Ind Ind 0 4
ST (%] Ind Ind [} Ind Ind 0 4
14 EP Ind Co Ind (2} Ind Ind 1 4
ST Ind Ind Ind 10} Co Ind 4] 1 4
15 EP Ind ’ Ind 7] Co Ind 1 3
ST "Ind Ind 0 2
16 EP Ind 2] %] Ind Ind Co (4} 1 3
ST {4} {7 Co Ind Ind (v} 1 2
17 EP (%) 4} Ind Ind Ind Ind (%] Co 1 4
ST ] (4] Ind Ind Ind z Ind & %] 0 4
18 EP %) Ind 1% Ind Ind [ %) (%] 0 3
ST %] Ind [#4) Ind Ind %} [} 1% 0 3
Co pair 2 4 0 2 4 4 4 5 3 4 32
Ind pair 14 13 13 6 17 11 7 13 8 14 116

LOH was defined as the complete absence or at least 75% reduction of one allele, and M1 was defined as an addition or deletion of one or more repeat units
resulting in a shift of microsatellite alleles. A concurrent LOH was defined as “loss of an allele for a given marker in cells from both breasts.” An independent LOH
was defined as “loss of an allele only in cells from one breast, or cells in two breasts show LOH at different allele.” Empty space, no Joss; &, not informative; Co,
concurrent alteration; Ind, independent alteration; ST, stromal cells; EP, epithelial cells.

surrounding stromal cells share the same genetic profile of a
majority of the DNA markers assessed.'”'® Together, these
findings suggest that stromal cells may be concurrently in-
volved or may even play initiative roles in the development
and progression of breast tumors.

6

The consistent detection of LOH in stromal cells is hard
to reconcile with the traditional belief that the stromal compo-
nent consists of multiple cellular phenotypes that are geneti-
cally and biofunctionally different,?%?” which could mask
L.OH in a given stromal cell type. There are two potential

© 2004 Lippincott Williams & Wilkins




TABLE 4. Comparison of Frequencies of Concurrent and Independent LOH and MI in Paired Bifateral EP and ST Samples

Cell Sample Informative Altered Con-Altered Ind-Altered

Type # Foci Foci Foci Foci P
EP 18 147 78 23 (29.5%) 55 (70.5%) <0.05
ST ' 18 149 70 9 (12.9%) 61 (87.1%) <0.05
Total 36 296 148 32 (21.6%) 116 (78.4%) <0.05

Morphologically comparable epithelial (EP) and surrounding stromat (ST) cells in two sides of primary bilateral breast tumor lesions were microdissected and
subjected to assessments for LOH and MI with 10 DNA markers in a 377 DNA sequencer. The rates of independent and concurrent LOH and MI were obtained
by dividing the number of foci that showed independent and concurrent LOH and MI by the total number of altered foti, and the rates between these two categories

were statistically compared with the Student ¢ test.
Con, concurrent; Ind, independent.
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TABLE 5. CGH Profiles of Seven Selected Bilateral Breast Lesions

Chromosomal Changes

Case EP Lesions in Cell
Number* Both Breasts Type Left Breast Right Breast
1(4) DCIS (G1) EP Loss: 16q Losses: 6q; 11q; 16q
ST No change No change
2(6) IN2 EP No change No change
ST No change No change
38 AIDH EP Gain: 1q Losses: 9p; 11g; 16q No change
ST No change No change
4(11) DCIS (G3) EP Gain: 1q Loss: 13q
ST Loss: 11q Loss: 13q
5(13) DCIS (G1) EP No change Loss: 4p
ST No change Not informative
6 (14) LN2 EP Gains: 1q; 8q; 16p Losses: 16q; 17p Gains: 3p, 5q Losses: 4p; 5p
ST No change Losses: 3p; 8p (very small)
7 (15) DCIS EP Gains: 6p; 12p; 14q Losses: 16p; 16q No change
ST No change No change

Morphologically comparable tumor epithelial (EP) and surrounding normal appearing stromal (ST) tissues in two sides of primary bilateral breast tamor
lesions were microdissected and subjected to analysis with the comparative genomic hybridization (CGH) technique, using published protocols.232*
*Both the newly assigned and the original (see Table 1) case numbers are given.

mechanisms, however, that could result in the detection of
LOH in a given stromal cell type. First, a single genetically
altered stromal cell type could acquire growth advantages and

undergo a localized clonal expansion, forming a genetically -

similar cell cluster. Consistent with this is that the stromal
component of some breast carcinosarcomas shares the same
clonality with the epithelial component.*® Second, a geneti-
cally mutated multipotential stem cell could give rise to differ-
ent stromal cells that contain the same genetic defect. Previous
studies have well demonstrated that maturation arrest of stemn
cells is a common pathway for the cellular origin of both tera-
tocarcinomas and malignant epithelial tumors, and that an en-
tire functional mammary gland may be regenerated from a
single cetl.?3!

The high frequency of LOH in stromal cells is also hard
to reconcile with the reportedly low incidence of malignancies
in stromal cells.>? There are several possible explanations.
First, genetically altered stromal cells have more disadvan-
tages for progression, for two main reasons: they are subjected
to more immunologic surveillance because of their direct as-
sociation with leukocytes that are generally absent in the nor-
mal epithelial component, and a constant remodeling and re-
placement of the extracellular matrix and stromal tissues may
disfavor the accumulation of genetic abnormalities in stromal
cells.3>37 Second, the progression of stromal tumors may re-
quire more internal assaults and additional steps due to the po-
tential interactions among stromal cells. Third, genetic or bio-
chemical alterations in the stromal component might have
more impacts on the epithelial component than on itself, be-

8

cause (1) the normal epithelial component is devoid of blood
and lymph vessels and totally relies on the stromal component
for its basic needs, and (2) a number of stroma-derived biomol-
ecules, including proteinases, matrix metalloproteinases, and
growth factors, are key factors for normal morphogenesis, dif-
ferentiation, and wound healing of the epithelial cells, and also
for tumor invasion and metastasis.>*>’

The substantial differences in LOH and M1 frequencies
and CGH profiles in both epithelial and stromal cells favor two
independent molecular mechanisms for the development or
progression of bilateral breast tumors. No definitive conclu-
sions, however, could be drawn at present for several reasons.
First, the high degree of heterogeneity of LOH and CGH pro-
files among cases and the high frequencies of genetic abnor-
malities at multiple chromosomal loci suggest that the genetic
alteration in each individual might be unique, or multiple mo-
lecular mechanisms are involved. Second, the presence of a
high degree of heterogeneity of LOH and CGH profiles among
cases may simply result from different cell clones, or the same
clone at differently differentiated states.>® Third, the small
sample size may not be representative of the general popula-
tion. However, given that genetic alterations determine the
scope and extent of, and also precede, the biochemical and
morphologic abnormalities, our findings appear to have sev-
eral potential implications. First, they suggest that the biologic
behavior and clinical course of the bilateral tumors in two
breasts may differ substantially. Consequently, different treat-
ment regimens might be needed for the optimal management
of patients with bilateral breast tumors. Second, the consistent
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comprehensive and selective analysis in patients with a pro-
gressive tumor in one side and with a regressive or latent one in
the other side might lead to the identification of factors that
promote progression or promote regression. The manipulation
of these factors might be more effective for the treatment and
prevention of breast tamors. .
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Mammary Ducts With and Without Focal Myoepithelial Cell
Layer Disruptions Show a Different Frequency of White Blood
Cell Infiltration and Growth Pattern: Implications for Tumor
Progression and Invasion

Morvarid Yousefi,* Rubina Mattu,* Chunling Gao,f and Yan-gao Man, MD, PhD* |

Abstract: The authors” previous studies revealed that a subset of
ductal carcinoma in situ (DCIS) contained focally disrupted myoep-
ithelial (ME) cell layers and basement membrane (BM). As the dis-
ruption of these two structures is a prerequisite for tumor invasion,
and white blood cells (WBCs) contain digestive enzymes capable of
degrading both the BM and damaged host cells, this study was de-
signed to assess the possible roles of WBC in ME cell layer disrup-
tions and tumor invasion. A total of 23 DCIS containing ducts with
focally disrupted ME cell layers were selected from 94 such cases
identified in the authors’ previous studies. Two consecutive sections
from each case were double immunostained, one with leukocyte com-
mon antigen (LCA) plus smooth muscle actin (SMA) and the other
with Ki-67 plus SMA. Ducts lined by at least 50 epithelial cells and
distinct ME cell layers were examined. A total of 191 duct cross-
sections were found to contain focal ME cell layer disruptions; of
these, 186 (97.4%) were with and 5 (2.6%) were without WBC infil-
tration. Of 207 morphologically similar sections without ME disrup-
tions, 46 (22.2%) were with and 161 (77.8%) were without WBC
infiltration. Ki-67-positive cells in ducts with focally disrupted ME
cell layers were generally subjacent to ME cell layers, and more than
30 clusters of multiple proliferating cells were seen directly overlying
or near focally disrupted ME cell layers. In contrast, Ki-67-positive
cells in ducts without ME disruptions were scattered over the entire
epithelial compartment. The significantly different frequency of
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WBC infiltration and clusters of multiple proliferating cells in ducts
with and without ME disruptions suggests that WBCs might play im-
portant roles in ME disruption and tumor invasion.

Key Words: tumor progression and invasion, myoepithelial cell
layer disruption, white blood cell infiltration, epithelial-stromal in-
teractions, cell growth pattern

(Appl Immunohistochem Mol Morphol 2004;00:000-000)

T’he epithelial component of normal and noninvasive human
breast tissue is physically separated from the stroma by
both myoepithelial (ME) cells and the basement membrane
BM).! ME cells are joined by a number of intercellular ad-
hesion molecules and intermediate junctions, forming a con-
tinuous sheet or belt that encircles the epithelial cells (except at
the terminal ductal-lobular unit, within which about 20% of the
epithelial cells are in direct contact with the BM).! The BM is
composed of a group of fibrous proteins embedded in a hy-
drated polysaccharide gel, constituting a continuous lining sur-
rounding and attaching to the ME cells via hemidesmosomes
and focal adhesion complexes.** Both the ME cell layer and
basement membrane (BM) are permanent structural constitu-
ents that normally allow only the passage of water, oxygen,
and other small molecules.'~* Due to the interposition of the
BM and ME cell layer between the stroma and the epithelium,
the tumor cells must first pass through the ME cell layer, fol-
lowed by the BM, to physically contact the stroma. Hence, the
disruption of both the BM and the ME cell layer is a prerequi-
site for tumor invasion and metastasis.

Compared with in situ tumors, invasive and metasta-
sized tumors have a significantly higher mortality rate, ac-
counting for a vast majority of breast cancer deaths. This fact
highlights the significance and implications for the identifica-
tion of tumor invasion mechanism(s), potentially leading di-
rectly to vast benefits and advances in breast cancer treatment
or prevention. A generally accepted theory for the cause of BM
disruptions and tumor invasion has been attributed primarily,
if not solety, to an upregulated expression of proteolytic en-
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WBC Infiltration & Growth in Mammary Ducts

zymes in tumor or stromal cells.® This theory, however, may
not reflect the intrinsic mechanism of these events for iwo
main reasons: first, neither the normal cellular kinetics nor dy-
namic alterations of ME cells during tumor invasion have been
well elucidated; and second, results of proteolytic inhibitor-
based clinical trials have been disappointing.”

In an attempt to elucidate the intrinsic mechanism(s) of
ME cell layer disruptions and tumor invasion, we carried out
several studies focusing on the correlation between the physi-
cal and functional integrity of the ME cell layer and the immu-
nohistochemical and genetic profiles in adjacent epithelial
cells. In 5,698 duct cross-sections from 220 patients with-es-
trogen receptor-positive, noninvasive breast tumors, we de-
tected a total of 405 focal ME cell layer disruptions, defined as
the absence of ME cells resulting in a gap equal to or greater
than the combined size of 3 ME or epithelial cells.® Of the 405
disruptions, 350 (86.4%) were overlain by clusters of cells
with no or substantially reduced estrogen receptor expression,
in sharp contrast to their adjacent cells within the same duct,
which overlaid nondisrupted ME cell layer and displayed
strong estrogen receptor immunoreactivity.® Compared with
their neighbors, those estrogen receptor-negative cell clusters
overlying focally disrupted ME cell layers also displayed the
following unique features: (1) a significantly higher cell pro-
liferation rate, 18.2% versus 3.6% and 19.9% versus 4.4% in
two separate studies®!%; (2) a total loss or marked reduction of
p27, a cell growth inhibitor”; and (3) a substantially higher or
different pattern of genetic alterations.’*'? As it has been well
documented that the disruption of ME and BM layers is a pre-
requisite for tumor invasion and metastasis, and that progres-
sion of breast tumors is paralleled by a progressive hormonal
independence,"> ' our findings appear to represent an early
sign of ME and BM layer breakdown and the formation of a
biologically more aggressive cell clone that is in the process of
invasion. Our subsequent studies revealed that 3 of 175 pa-
tients with noninvasive breast tumors contained ducts that
showed morphologically distinct ME cells in H&E-stained
sections, whereas one third of, or the entire, ME cell layer was
devoid of expression of nine phenotypic markers that suppos-
edly were exclusively or preferentially present in ME cells.'®
Our studies also revealed that the stromal tissues surrounding

ducts with ME cell layer disruptions were often more vascular
and contained more white blood cell (WBC) aggregates com-
pared with stromal tissues around ducts with an intact ME cell
layer.!”

As previous studies have well documented that (1)
WBCs contain a number of digestive enzymes capable of de-
grading both the BM and altered host cells in vivo and in
vitro'®1%; (2) WBCs are capable of freely crossing over the
ME cell and BM layers®®?!; and (3) tumors with and without
WRBC infiltration have a substantially different clinical course
and prognosis,?*? this study attempted to assess the potential
correlation between WBCs and ME cell layer disruptions dur-
ing tumor progression and invasion. As the first step, we at-
tempted to determine whether ducts with focally disrupted ME
cell layers have a higher frequency of WBC infiltration and
more clusters of multiple proliferating cells, which are likely to
represent clonal or stem cell-mediated proliferation and have a
greater potential for invasion.?*23

MATERIALS AND METHODS

A total of 23 cases with focally disrupted ME cell layers
were selected from the 94 cases identified in our previous stud-
ies.®!7 Consecutive sections at 4 to 5 um thickness were cut
and placed on pesitively charged microscope slides for mor-
phologic and immunchistochemical assessment. Morphologic
classification was based on our previously published criteria.26
All of the lesions were noninvasive, including atypical intra-
ductal hyperplasia (AIDH) and ductal carcinoma in situ
(DCIS; n=20), as well as intraductal hyperplasia (IDH; n = 3).
All of the cases contained at least two ducts with focally dis-
rupted ME cell layers.

Monoclonal antibodies to human leukocyte common an-
tigen (LCA), smooth muscle actin (SMA), and Ki-67 were pur-
chased from Dako (Carpinteria, CA). The biotinylated second-
ary antibody, ABC detection kits, and 3, 3'-diaminobenzidine
{DAB) substrate kit were obtained from Vector Laboratories,
Inc. (Burlingame, CA). The AP-red substrate kit was pur-
chased from Zymed Laboratories, Inc. (South San Francisco,
CA). The antigen retrieval solution (10x) was purchased from
Biocare Medical Inc. (Walnut Creek, CA).

FIGURE 1. WBC infiltration associated with a singfe focal ME cell layer disruption Sections were double immunostained for LCA
(brown) and SMA (red). Arrows identify WBCs and ME disruptions. (a, 400X; b, 200x)

FIGURE 2. WBC infiltration associated with muitiple focal ME cell layer disruptions Sections were double immunostained for LCA
(brown) and SMA (red). Arrows identify WBCs and ME disruptions. (a, 200X; b, 400x)

FIGURE 3. a: WBC aggregates associated with ME cell layer attenuation and disruptions Sections were double immunostained for
LCA (brown) and SMA (red). Double arrows identify attenuated and disrupted ME cell layer lined by WBC aggregates; the single
arrow identifies the normal ME cell layer. (300 %) b: WBC infiltration within the epithelial component of a duct without a focal
ME disruption Sections were double immunostained for LCA (brown) and SMA (red). Arrows identify selected WBCs within the

epithelial component. (200x)

FIGURE 4. Comparison of the epithelial cell proliferation rates in ducts with and without ME disruptions. Sections were double
irmunostained for Ki-67 (black) and SMA (red). Arrows identify focal ME disruptions (200 x).
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Immbnohistochemical staining was carried out as previ-
ously described.?”** Briefly, two immediately adjacent sec-
tions from each case were incubated at 70°C for about 30 min-
utes, deparaffinized with three changes of xylene, and washed
in descending concentrations of ethanol and water. Deparaf-
finized sections were incubated at about 70°C overnight in 1x
antigen retrieval solution, washed in warm tap water, and in-
cubated with H,0, blocking solution and normal serum. Then
one section was sequentially immunostained with antibodies
to LCA and SMA, and the other was sequentially stained with
antibodies to Ki-67 and SMA, and developed with the DAB
and AP-red substrates, respectively.

Each H&E-stained or immunostained section was exam-
ined under a microscope with attention to cross-section pro-
files of ducts that were lined by at least 50 epithelial cells and
morphologically distinct ME cell layers. A focal disruption of
the ME cell layer was defined as a total loss of SMA immuno-
reactivity and absence of ME cells, resulting in a gap equal to
or greater than the combined size of at least three epithelial or
ME cells, or multiple such gaps in a given duct. WBC infiltra-
tion was defined as the distribution of a single or a group of
LCA-positive cells within the epithelial compartment or the
direct physical contact between WBCs and epithelial celis near
the ME and BM layers.

The ME cell layer disruptions and WBC infiltration
were evaluated in two ways. First, the physical status (with or
without ME cell layer disruptions and WBC infiltration) of
each duct cross-section was recorded and photographed with
35-mm slide film. Then, the developed slide films were re-
viewed under a slide projector by at least two investigators.
The interpretation of the physical status of each duct was based
on the uniform conclusion of all the reviewers. Disagreements
were settled by either excluding the section or repeating the
immunostaining on a new slide. The rate and distribution of
proliferating cells in ducts with and without ME cell layer dis-
ruptions were similarly evaluated as above, focusing on the
clusters of multiple proliferating cells, defined as a group of at
least four Ki-67-positive epithelial cells immediately overly-
ing or near the ME cell layer.

TABLE 1. Frequencies of White Blood Cell Infiltration in
Mammary Ducts With and Without Focal Myoepithelial Cell
Layer Disruptions

Section With Without
Number WBC WBC P
Disrupted 191 186 (97.4%) 5 (2.6%) <0.91
Nondisrupted 207 46 (22.6%) 161 (77.4%)
RESULTS

Cells with distinct LCA immunoreactivity were identi-
fiable in each of the tissue sections, while the number and dis-
tributions of LCA-positive cells among cases differed substan-
tially. The WBC infiltration into the epithelial component
occurred in four forms: (1) a single or a few WBCs intet-
positioning the center of a focal ME disruption (Fig. 1); (2) FI
multiple WBCs lined along the ME layer with multiple ME
disruptions (Fig. 2); (3) a sheet- or belt-like WBC aggregate F2
partially surrounding a duct, in which the ME cell layer near
the WBCs was markedly attenuated or disrupted, while the ME
cell layer away from the WBCs was distinct and intact (Fig.
3a); and (4) multiple WBCs scattered among tumor cells of the B
duct without distinct ME disruptions (see Fig. 3b). The fre-
quency of each form appeared to be not statistically different.

The frequencies of WBC infiltration in ducts with and
without focal ME cell layer disruptions are summarized in
Table 1. A total of 191 profiles of duct cross-sections were
found to contain focal ME cell layer disruptions. Of these, 186
(97.4%) were with and 5 (2.6%) were without WBC infiltra-
tion. A total of 207 profiles of ductal cross-sections were found
to contain no ME cell layer disruptions. Of these, 46 (22.2%)
were with and 161 (77.8%) were without WBC infiltration.
The frequency of WBC infiltration in ducts with focally dis-
rupted ME cell layers was significantly higher (P <0.01) com-
pared with that in their morphologically similar counterparts
without ME cell layer disruptions.

Distinct Ki-67-positive cells were seen in ducts with and
without focal ME cell layer disruptions. However, ducts with a

FIGURE 5. Clusters of multiple proliferating cells associated with focal ME disruptions. a: The section was double immunostained
for LCA (brown) and SMA (red), and the adjacent section (b) was double immunostained for Ki-67 (black) and SMA (red). Arrows
identify WBCs and clusters of multiple proliferating cells (200 X).

FIGURE 6. Clusters of multiple proliferating cells associated with focal ME disruptions. a: The section was double immunostained
for LCA (brown) and SMA (red), and the adjacent section (b) was double immunostained for Ki-67 (black) and SMA (red). Arrows
identify WBCs and clusters of multiple proliferating cells (200x).

FIGURE 7. WBC infiltration and epithelial cell proliferation associated with no ME disruptions. a: The section was double immu-
nostained for LCA (brown) and SMA (red), and (b) the adjacent section was double immunostained for Ki-67 (black) and SMA.
Arrows identify selected WBCs and Ki-67-positive cells (200X).

FIGURE 8. WBC aggregates associated with no infiltration Sections were double immunostained for LCA (brown) and SMA (red).
WBC aggregates are subjacent to or surround the tumor nests, while there are no infiltration or ME disruptions (a, 400%; b,
200x).

4 © 2004 Lippincott Williams & Wilkins
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focally disrupted ME cell layer displayed a substantially
higher proliferation rate compared with their morphologically
comparable (the same lesion type and histologic grade, and
similar size and architecture) counterparts (Fig. 4). Also, Ki-
67-positive cells in ducts with focally disrupted ME cell layers
were generally subjacent to ME cell layers, and more than 30
distinct clusters of multiple proliferating cells were seen di-
rectly overlying or near focally disrupted ME cell layers (Figs.

'5 and 6). In contrast, Ki-67-positive cells in ducts without ME

cell layer disruptions were generally scattered over the entire
epithelial component (Fig. 7).

Focal ME cell layer disruptions and WBC infiltration
appeared to be independent of the lesion type and histologic
grade, as many high-grade DCIS specimens with necrosis
showed distinct ME cell layers and no WBC infiltration (Fig.
8a). Focal ME layer disruptions and WBC infiltration also ap-

. peared to be independent of the number of WBCs, as no dis-

tinct ME cell layer disruptions or WBC infiltration were found
inducts that were completely or partially surrounded by WBCs
(see Fig. 8b).

DISCUSSION

In this study, we found that mammary ducts with focally
disrupted ME cell layers had a significantly higher (P < 0.01)
frequency of WBC infiltration than their histologically com-
parable counterparts without ME cell disruptions, and that
WBCs were often located at or near the center of the ME layer
disruptions (see Table 1 and Figs. 1 and 2). Also, the prolifer-
ating cells in ducts with ME disruptions were generally subja-

“cent to the ME layers, often forming clusters near or overlying

the focal ME disruptions (see Figs. 5b and 6b), a sign of clonal
or stem cell-mediated cell proliferation.?*?° In contrast, pro-
liferating cells in ducts without focal ME disruptions were dis-
tributed in a scattered manner over the entire epithelial com-
ponent, and no basally located clusters of multiple proliferat-
ing cells were seen (see Fig. 7b). These iindings suggest that
WBCs might have a direct or indirect impact on the structural
integrity of the ME cell layers and the growth pattern of adja-
cent tumor cells, potentially leading to more aggressive behav-
ior or stromal invasion. Our speculation is supported by a pre-
vious report showing that patients with lymphocyte infiltration
at the tumor edge have a noticeable poorer short-term progno-
sis compared with those with lymphocyte infiltration in other
locations.?* Our speculation is also supported by several lines
of experimental and clinical follow-up data. It has been well
documented that WBC infiltration into tumor tissues is com-
mon and that the number of WBCs within the tumor tissues
increases linearly with tumor progression.”*=3" The increase in
WBCs is particularly evident during the progression of DCIS
to infiltrating carcinoima, in which up to a fourfold increase in
lyinphoid infiltration has been reported.?~3! The extent of the
increased macrophages in breast fumor tissues has been found

6

to inversely correlate with a worse prognosis and a signifi-
cantly higher mortality rate.3®

Despite these findings, the impact of WBCs on tumor
progression and invasion has been a subject of long debate and
much controversy, and the intrinsic mechanism and signifi-
cance of WBC infiltration are elusive. Based on our findings
and published data, we propose that direct physical and func-
tional interactions between WBCs and ME cells are a trigger-
ing factor for ME cell layer disruptions and tumor invasion.
We believe that the main processes are as follows: (1) ME cells
normally undergo proliferation to replace aged or injured ME
cells; (2) an external or internal insult disrupts the normal re-
placement process or directly affects the ME cell layer, result-
ing in a cluster of dying ME cells; (3) degraded products of
dying ME cells attract WBC infiltration and activate the func-
tions of WBCs, disrupting the physical integrity of the ME cell

-and BM layers; (4) a focal disruption in the ME cell and BM

layers results in an increased permeability for growth and me-
tabolism-related molecules; (5) the altered microenvironment
results in changes of the gene expression pattern and behavior
of the adjacent epithelial cells, facilitating the formation of a
biologically more aggressive clone; (6) epithelial cells overly-
ing disrupted ME cell layers undergo a localized epithelial cell
proliferation, which may occur in two forms: stem cell-
mediated proliferation that gives rise to clusters of multiple
proliferating cells, and differentiated cell-mediated prolifera-
tion that gives rise to proliferating cells randomly distributed
within the epithelial compartment; and (7) cells overlying dis-
rupted ME cell layers undergo cytodifferentiation, releasing
stage-restricted and invasion-associated molecules, which
trigger angiogenesis, tissue remodeling, and increasing pro-
duction of growth factors in the stroma, providing a favorable
environment for epithelial cell growth. These interactive
changes between epithelial and stromal cells lead to further
degradation of BM and ME cell layers and a clonal expansion
and stromal invasion of cells overlying disrupted ME cell lay-
ers.

Our hypotheses are far-fetched due to the lack of direct
experimental evidence and the small sample size, which might
pot reflect the real status in the general population. However,
given that (1) the results of human clinical trials’ have dis-
proved the traditional belief that overproduction of proteolytic
enzymes is the sole cause for BM and ME layer disruptions,
and (2) our study has revealed a significant correlation be-
tween WBC infiltration and an increased rate of ME disrup-
tions and cell proliferation, which has been considered a direct
cause for tumor progression,”>*? our hypothesis appears to
have important scientific and clinical implications. In the sci-
entific field, our hypothesis may open a new window for the
exploration of the mechanism of ME cell layer disruptions and
tumnor invasion. In the clinical field, our hyporhesis might be
beneficial for the early detection and treatment of breast can-
cer. Double immunostainings with antibodies to LCA. plos
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SMA or Ki-67 plus SMA might be a more sensitive approach
to identify patients who are at a higher risk of developing in-
vasive or metastatic tumors. The development of specific an-
tibodies or chemical reagents to target WBCs or degenerated
ME cells might provide a more effective and less toxic means
of blocking tumor invasion at a very early stage. In addition,
our hypothesis might be useful in reconciling the conflicting
reports regarding the impacts of WBCs on tumnor cells, as our
findings have suggested that those conflicts are likely to result
from differences in the location of the WBC infiltration and the
cell growth patterns, and the presence or absence of ME layer
disruptions.

It is possible, however, that other factors, inctuding al-
tered expression of the surface proteins, “sequestered” or self-
antigens, and abnormal expression of hyaluronidases in tumor
cells, might also play important roles in ME cell layer disrup-
tions and tumor invasion.>*3> On the other hand, it is unlikely
that the WBC is a bystander or a secondary response with no
impact on the adjacent cells. Studies on a larger number of
cases are in progress to explore the issues that were not ad-
dressed in this study. The main goals of our current studies are
to compare the proliferation rate and apoptotic index in ME
cells at different stages during tomor progression, to identify
the specific types of WBCs and proteins associated with ME
disruptions, and to assess the gene expression pattern in cells
overlying focally disrupted ME cell layers associated with
WBC infiltration. The preliminary results of our studies appear
to be in a total agreement with our hypothesis.?¢37
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Inhibition by Tissue Inhibitors of Metalloproteinases-2 and -4: A Putative
Role in the Initiation of Breast Cancer Invasion |
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ABSTRACT

Laocal disruption of the integrity of both the myoepithelial cell luyer and
the bnsement membrane is an indispensable prerequisite for the initiation
of invasion and the conversion of buman breast luctal carcinama in situ
(DCIS) to infiltrating ductal carcinoma (IDC). We previously reported
that human endometase/matrilysin-2/matrix mctalloproteinnase (MMP)
26-mediated pro-gelatinase B (MMP-9) activation promoted invasion of
buman prostate carcinoma eelis by disselving basement membrane pro-
teins (V. G. Zhao ef al., J. Biol. Chem., 278: 15056-15064, 2003). Here we
veport that tissue inhibitor of metulloproteinases (TIMP)-2 and TIMP-4
arc potent jnhibitors of MMP-26, with apparcot K, values ot 1.6 and 0.62
oM, respectively, TIMP-2 and TIMP-4 also inhibited the activation of
pro-MWVIP-9 by MMP-26 in vitre. The expression levels of MMP-26,
MMP-9, TIMP-2, and TIMP-4 proteins in DCIS were significantly higher
than those in JDC, atypical intraductal hyperplasia, and normal breast
epithelia adjacent to DCIS and IDC by immunohistochemistry and inte-
grated morphometry analysis. Double jmmunofluorescence labeling and
confocal laser seanning microscopy revealed that MMP-26 was coloealized
with MMP-9, TiMP-2, and TIMP-4 in DCIS cclls. Righer Jevels of
MMP-26 mRNA were also detected in DCIS cells by in situ hybridization.

INTRODUCTION

Matrix metalloproteinases (MMPs) are known to be associated with
cancer cell invasion, growth, angiogenesis, inflammation, and mctas-
tusis (1. 2). MMP-26 is a novel enzyme that was recently cloncd and
characterized by our group (3) and others (4-6). It has several
struclural features characteristic of MMPs, including a signal peptide,
a propeptide domain, and a catalytic domain with a conserved zinc-
binding motif, but it lacks the hemopexin-like domain (3-6). A
unique “cysteine switch” sequence in the prodomain, PHCGVPD as
opposed to the conscrved PRCGXXD sequence found in many other
MMPs, keeps the enzyme latent.

MMP-26 mRNA is primarily expressed in cancers of epithelial
origin, such as endometrial carcinomas (3, 7), prostate carcinomas (7),
lung carcinomas (7), and their corresponding cell lines (3~6), and in
a small number of normal adult tissues, such as the uterus (3, 5),
placenta (4, 5), and kidney (6). Some parallels exist with MMP-7,
which is also expressed epithelially and also Jacks the hemopexin-like
domain. We have also reported that the levels of MMP-26 gene and
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protein expression are higher in a malignant choriocarcinoma cell line
(JEG-3) than in normal human cytotrophoblast cells (8). Recently, we
found that the levels of MMP-26 protein in human prostate carcino-
mas from multiple patients were significantly higher than those in
prostatitis, benign :prostatc hyperplasia, and nommal prostate tissues
(9). MMP-26 is capable of activating pro-MMP-9 by clcavage at Lhe
Ala®*-Met™ site of the pro-enzyme, and this aciivation facilitates the
efficient cleavage of fibronectin (FN), promoting the invasion of
highly invasive and metastatic androgen-repressed prostate cancer
cells through FN or type IV collagen (9). The activation is prolonged
but persistent. which is consistent with the process of tumor cell
invasion. These lindings indicate that MMP-26-mediated pro-MMP-9
activation inay be ore biochemical mechanism contributing to human
carcinoma cell invasion in vivo.

MMP activities are inhibited by endogenous tissue inhibitors of
metalloproteinascs (TIMPs). Four mammalian TIMPs have been iden-
tified: (@) TIMP-1,(10); () TIMP-2 (11); (¢) TIMP-3 (12); and (d)
TIMP-4 (13). The: hydrolytic activity of MMP-26 against synthetic
peptides is blocked' by TIMP-1, TIMP-2, and TIMP-4 (5, 6, 8), but the
inhibitory potential of TIMP-1 is lower than that of TIMP-2 and
TIMP-4 (5). TIMP-1 and TIMP-2 also inhibit the cleavage of dena-
tured type I collagen (gelatin) by MMP-26 (6). TIMPs arc expressed
in human breast cancer cells (14-16). Here, we continue to explore
the possible roles of MMP-26 and the coordination of MMP-26 with
MMP-9, TIMP-2, and TIMP-4 in human breas! carcinoma invasion.

In the present study, we showed that TIMP-2 and TIMP-4 comn-
pletely inhibited the activation of pro-MMP-9 by MMP-26, The
cxpressions of MMP-26, MMP-9, TIMP-2, and TIMP-4 proteins in
human breast ductal carcinowmas in situ (DCIS) were significantly
bigher than those.in infiltrating ductal carcinoma (IDC), atypical
intraductal hyperplasia (AIDH), and normal breast epithelia around
the DCIS and IDC. Furthermore, MMP-26 was colocalized with
MMP-9, TIMP-2, and TIMP-4 in human breast DCIS.

MATERIALS AND METHODS

Tnhibition Assayi of MMP-26 by TIMP-2 and TIMP-4, The quenched
fluorescence peptide Substmtcs, Mca-Pro-Leu-Ala-Nva-Dpa-Ala-Arg-NH, and
Mca-Arg-Pro-Lys-Pro-Val-Glu-Nva-Trp-Arg-Lys(Dnp)-NH, were purchased
from Calbiochem. The MMP-26 used in this experiment is recombinant and
partially active. Briefly, MMP-26 was expressed in the form of inclusion
bodies from translormed Escherichia coli cells as desctibed previously (3).
The inclusion bodies wete jsolated and purified using B-PER bacterial protein
extraction reagent acgording to the manufacturer’s instructions. The insoluble
protein was dissolved in 8 M urea o ~5 mg/ml. The proteiu solution was
diluted to ~100 pg/thl in 8 M urea and 10 mm DTT for 1 h; dialyzed in 4 m
urea, | mm DTT, and 50 mmM HEPES (pH 7.5) for at least 1 h; and then folded
by dialysis in 1X HEPES buffer [50 mm HEPES, 0.2 M NaCl, 10 mm CaCl,,
and 0.01% Brij-35 (pIf 7.5)] with 20 um ZnSO, for 16 h, To enhance the
activity of MMP-26, the folded enzyme was dialyzed iwice for 24 hat 4°C in
the folding buffer without Zn?" jons. The tofal cnzyme concentration wos
measured by UV shisorption using €g9 = 57,130 ™} em™%, which was
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calculated using Genetics Computer Group soflware. The concentration of
active MMP-26 was determined by active site titration with the tight-binding
inhibitor GM-6001 as described previously (17). GM-600] was the most
potent inhibitor of MMP-26 tested. with a 77" of 0.36 nm (17). Because
TIMPs are tight-binding und slow-binding inhibitors of MMPs, MMP-26 was
incubated for 4 h with human TIMP-2 and TIMP-4 before the measurement of
substrate hydrolysis to allow the enzyme and inhibitor to reach their binding
equilibrium. Human {ibroblast TIMP-2 was pravided by Dr. L. Jack Windsor
(Indiana University, [ndianapolis, IN). Recombinant human TIMP-4 was pur-
chased from R&D Systems (Minneapolis, MN). The concentrations of TIMPs
vanged from 0.2 to 60 nM. The assuy wag initiated by the addition ofa substrate
stock solution (4 pl1) prepared in 1:1 water and DMSO Lo an enzyme-inhibitor
assay bulfer (196 wl) for u final concentration of | um. The release of the
fluorogenic cleavage product was monitored by measuring fluorescence (ex-
citation and emission wavelengths at 328 and 393 nm, respectively) with a
Perkin-Elmer Luminescence Spectropholometer LS 50B connected (o a water
bath with a temperature control. All kinetic experiments were conducted in 1X
[IEPES buffer. Fluorogenic peptide subsirate assays were perfornmed following
the pracedures we reported previously (17). To assess inhibition potency. the
apparent inhibition constanis (apparent K, values) were determined by filting
the two trial data sets to the Morrison equation below (18) with nonlinear
regression. In this cquation. t, is the initial rate of MMP-26 catalysis in the
presence ol inkibitor, and v, is the initial rale without inhibitor. [E] and [1] ave
the initinl enzyme and inhibitor concentrations, respectively, and K% is the
apparent inhibition constant.

n_,  UEIX [+ KM - WIE] + [1] + &) ~ a[E]1]
v, 2[E]

Pro-MMDP'-9 Activation by MMP-26 and Inhibition of the Activation by
TIMP-2 and [IMP-4. Zyinography und silver staining were performed as
reported previously (3, 7, 19, 20). MMP-26, pro-MMP-9, and active MMP-9
were purified in our laboratory (3. 20). The molar concentration ratios of
TIMPs, MMP-26, and pro-MMP-9 were 10:1:4, Two metal chelators/metal-
loproteinase inhibitors, 1, 0-phenanthroline and EDTA, were used as controls.
Bricfly, MMP-26 was incubated in the presence or abscnce of difTerent
inhibitors (TIMPs, 1.10-phenanthroline. and EDTA) in 30 ul of 1X HEPES
buffer at room temperature (25°C) for 4 h. Pro-MMP-9 was then added and
incubated at 37°C for 20 h. For zymography, aliquots of the reaction solution
were renmoved and treated with a nonreducing sample butfer. MMP-9 activity
was analyzed by zymography on 9% SDS-polyacrylamide gels containing 1%
gelatin (22). For silver staining, aliquots were removed and treated with a

1.0

0.8 4

e TIMP-4 (K = 0.62 nM)

06 4! »  TIMP-2 (K = 1.6nM)

VilVo

0.0 v -t T
0 10 20 30
[TIMP}, nM

Fig. 1. Inhibition kinetics of matrix metalloprolcinuse 26 by tissue inhibitor of
metalloproteinoses (TIMP)-2 and TIMP-4. Matrix metalloproleinase 26 (2 nm) was
incubated for 4 h ju the presence of TIMP-2 or TIMP-4 at concenuutions of 0.2-60 nwm.
The substrate hydrolysis assay was initinted by the addition of substrate stock sofution.
The data were fitted to the Morrison equation to caleulate the apparcut X values.
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Fig. 2, Tissue inhibitdr of metalloproteinases (TIMP)-2 and TIMP-4 inhibit pro-matrix
metalluproteinase (MMP)-9 activation by MMP-26. A, pro-MMP-9 activation by
MMP-26 was inhibited by hoth TIMP-2 and TIMP-4 (clectrophoresis samples were
treated wder veducing conditions). MMP-26 nctivates pro-MMP-9, enhancing the 86-kDa
band (Lane 4). This activation wax completely blacked by adding TIMP-2 (Lane 5) or
TIMP-4 (Lane 6). The inhibition by TIMP-2 and TIMP-4 is comparable with that of two
broad-spectrum metal chelators/metalloproteinase inhibitors, 1,10-phenanthsoline (OF)
and BDTA (Lanes 7 and 8. B. zymagram assay of MMP-9 activation by MMP26 and
inhibition by TIMP-2 and TIMP-4 (clectrophoresis snmples under nonreducing condi-
tions). The 225-kDa band is a homodimer of pro-MMP-%, the 125-kDa band is a
heterodimer of pro-MMP-9 and nentrophil gelatinase-ussociated lipocalin, and the 94-kDa
band is a monomer of pro-MMP-9. MMP-26 activates pro-MMP-9 to geaerate new 215-,
172-, 115-, and B6-kDa nctive fragments (Lane 3). This activation was completely blocked
by adding TTMP-4 (Lané 4) or TIMP-2 (Lane &).

reducing sample buffer and boiled (or § min, After electrophoresis on 9%
SDS-polyacrylamide gels, the protein batds were visualized by silver staining
(19).

FN Cleavage Assay, MMP-26, pro-MMP-9, MMP>-26-activated MMP-9,
and TIMPs were prepared as described above. Active MMP-9, purified from
human neutrophils (21), was used as a positive control. FN was jncubated with
MMP-26, pro-MMP-9, active MMP-9, or MMP-26 plus pro-MMP-9 in the
presence or absence of TIMP-2 or TIMP-4 in 1X HEPES buffer at 37°C for
18 h. The molar congentration ratio of MMP-26:pro-MMP-9:FN:TIMP was
approximately 1:4:10:10. Aliquots were removed and (reated with a reducing
sample buffer and beiled for 5 min. Samples were then loaded onto 9%
polyacrylamide gels in the presence of SDS, electrophoresed, and subjected to
silver staining (19).

In Sitic Hybridization. The DCIS samples were classified according to our
previous reports (23, 24). Brielly, the formalin-fixed, paraffin-embedded sam-
ples were sectioncd to 5-um thickness and fixed onto slides. The full-length
MMP-26 sense cDNA and antisense cDNA were amplified in pCR 3.1 and
purified as described-in our previous report (9). The sense and anfisense
plasmids were lincarized with Xhol and Xbal, respectively. The sense and
antisense digoxigeninslabeled RNA probes were generated by in vitre tran-
scription with T7 polyimerase. In sitw hybridization was performed as per our
previous report (22). Briefly, the paraffin-embedded sections (5 um) were
deparaffinized with xylene and treated with proteinase K solution [50 up/ml in
0.2 M Tris-HCI (pH 7.5), 2 mam MgCl,] for IS min at room temperature. After
prehybridization, the: sections were hybridized to digoxigenin-labeled
MMP-26 anlisense cRNA probes for 18 h at 45°C and 100% bumidity, The
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Fig. 3, Cleavage of [ibronectin (FN) by matrix metallopmteinase {(MMP)-9 and
MMP-26. MMP-26 clenved FN weakly, generaling 135~ ond 58-kDna bands (Lunc 10).
pro-MMI-9 did wot cleave FN (Lune 11), and MMP-26-activated MMP-9 (Lane 4)
cloaved FN efficiently (Lane £2). Tissue inhibitor of metalloprateinases (TIMP)-4 weakly
blocked FN cleavage by MMP-26 (Lane 14). Both TIMP-4 and TIMP-2 blocked pro-
MMP-9 gctivation by MMP-26 (Lentes 5 and 7), which significantly diminished FN
cleavage {Lanes 13 und 13}, UF, uncleaved fibronectin: A%-26-DP, MMP-26-degraded FN
producls; A£-9-DP. MMP-9-degraded FN products: pro-A£-9, pro-MMP-9; Act-M-9, acti-
vated MMP-9,

1 2 3 4 8 6 7

MMP-26 sense RNA prabe was used under the same hybridization conditions
as the control. After hybridization, the stides were washed with saline sodium
citrate buffer and blocked [1% blocking reagents in Tris-bultered saline (pH
7.5)] for 30 min. The slides were then covered with anti-digoxigenin-alkaline
phosphatase Fab fragments (1:400) for 2 h. Then the slides were gtained with
nitroblue tetrazoliuny/S-bromo-4-chlore-3-indolyl phosphate (Roche Applied
Science, Mannheim, Germany). The expression signals were photographed
under a microscope.

Fig. 4. Mairix metatoproteinase (MMP)-26
.RNA and protein expression in humnan mamnary
tissucs, 4 and B are in sity hybridization to delect
MMP-26 mRNA expression, and € and D arc im-
munohistochemical staining to detect MMP-26
protein expression. .1, MMP-26 antisense probe; 8,
MMP-26 sense probe; C. rabbit antihuman
MMP-26 metallo domain 1gG; D, pre-inunune 1gQ.
DBle indicales MMP-26 mRNA signals, and red
indicates MMP-26 protein expression. Cells were
counterstained lightty with hematoxylin for view-
ing of ncgatively stained epithelial and siromal
cells in C and D. DCIS, ductal carcinomu in sifn;
S7. stromay LU, Tumen.

Immunohistochemistry. The human breast DCIS, IDC, and hyperplasia
fissue samples were :classiﬁed according to our reports (23-26), Immunohis-
fochemistry was performed on consecutive sections according to our previous
report (9). Brietly, the formalin-lixed, paraflin-embedded samples were sec-
tioned fo S-um thickness and fixed onto slides. After dewsaxing and rehydral-
ing, Ue slides were blocked with 3% BSATris-buffered saline for 1 h at room
temperature before incubation with affinity-purified, polyclonal rabbit antibu-
man MMP-26, MMP-9, TIMP-2, and TIMP-4 antibodics (all 25 pg/ml) at
toom temperature for 90 min. Sections were then incubated with alkaline
phosphatase-conjugated secondaty antirabbil antibody (1:500; Jackson Immu-
noResearch, West Grove, PA) for 1 h at room temperature. The signals were
detected wilh Fast-red (Sigma, St. Louis, MO). Puritivd preimroune IgGs from
the samc animal were used as negative controls,

Double Inmunofluorcscence and Confocal Laser Scanoing Micros-
copy. Double immuiofluorescence staining was perforned as per our previous
description (9). Brichy. the slides were incubated with a rabbit antihwnan
MMP-26 IpG (25 pg/ml) and a goat antihuman MMP-9 antibody (1:200 dilution;
R&D Systems) or @ mouse antihuman MMP-26 [gG (25 pg/m]; R&D Systems)
and a rabbit antihuman TIMP-4 (25 ug/ml) or a rabbit untihuman TIMP-2
untibody (30 pe/ml) overnight a1 4°C. The slides were then incubated with a goat
antimouse-1gG IgG for 30 min nt room temperature. Secondary Rhodamine
Red-X-conjugated donkey antirabbit 1gG and FITC-conjugated donkey antigoat
IgG (Jackson ImmunoRescarch) were subsequently applied at a 1:50 dilution for
30 min at room temperature. Slow Fade mounting medium was added to the slides,
and fluorescence was analyzed using a Zeiss LSMS510 Laser Scanning Confocal
Microscope (Carl Zeiss, Heidelberg, Gennany) equipped with a multi-photon
laser, Images were processed for reproduction using Photoshop software version
6.0 (Adobc Systems, Mountainview, CA). Purilied preimmune IgG and normal
goat serum were used as negative controls.

Densitometric and Statistical Analysis. Four to 16 picturcs were taken
fron (he glandular epithelia after immunostaining by each of the four anti-
bodics and the two preimmune 1gGs in the DCIS, IDC, AIDH, and normal
glands around the DCIS and IDC. Quantification of the immunostaining
signals was performed using the Metamoiph System (version 4.618; Universal
Imaging Corp., Inc., West Chester, PA) according te our previous description
(9). Briefly. an appropriate color threshold was defermined (color modsl, HSI;
hue, 230-255; saturation and intensity, full spectrum). The glandular epithelia
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MMP-26 Ab

AIDH

Fig. 5. Expression of matrix metalloproteinnse
(MMIM)-26 protein in human mammary gland. Cells
stained red indicate MMP-26 protein expression.
All seetions were counterstained Tightly with hema-
toxylin for viewiag ncgatively stoined epithelial
and suomal cells. 4, C. £, and G are stained with
anti-MMP-26 untibody. and 8, D, F, and H are
stoined with pre-immune IpG. 4 and B. novmal
breast tissues: C and D, atypical intraductal hypes-
plasia (4IDI); E and F, breast ductal carcinoma in
sk (DCIS), ¢ and H, breast inlilrating ductal
carcinoma (70C). All figures are X200 magnifica-
tions, LU, lumen; EP, epithelial cells: ST. strowa:
ME, wyoepithelinl cells.

DCIS

from each image were isolated into closed regions, and the signal areas and
intensities of staining in coinpliance with the chosen parameters were measured by
infegrated morphometry analysis. The selected epithelial arca was obtained by
region measurement. The signal inlensilies were expressed as integrated absorb-
ance (IOD, the sum of the optical densities of all pixels that make up the object).
The ratio of the [OD (o the selected epithelial area was determined, and the average
ratios from each case were then calculated and used for statistical analysis.
Statistical analysis of all samples was performed with the least significant di(fer-
ence cotrection of ANOVA for multiple compatisons. Data represent the
mean = SE, and P < 0.05 was considered significant.

RESULTS

Determination of the Apparent Inhibition Constants of TEIMP-2
and TIMP-4 against MMP-26. Thc apparent X, values of MMP-26
were measured and calculated to be 1.6 and 0.62 nm for TIMP-2 and

593
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TIMP-4, respectively (Fig. 1), using the Morrison equation (18). The
apparent K, values show that TIMP-4 is a slightly more potent
inhibitor of MMP-26 than TIMP-2,

Activation of Pro-MMP-9 by MMP-26 and Inhibition of the
Activation by TIMIP-2 and TIMP-4. To explore the inhibition of
MMP-26-mediated MMP-9 activation by TIMP-2 and TIMP-4, puri-
fied pro-MMP-9 and MMP-26 were incubated with these TIMPs, and
the samples were subsequently analyzed by SDS-PAGE. MMP-26
cleaved pro-MMP-9 (94 kDa) to yield an enhanced active form
86-kDa band on a silver-stained gel under reducing conditions as per
our recent report (Rief. 9; Fig. 24, Lane 4). Zymography revealed that
pro-MMP-9 presented as 225-, 125-, and 94-kDa gelatinolytic bands
under nonreducing conditions. The 225-kDa band is a homodimer of
pro-MMP-9, the 125-kDa band is a heterodimer of pro-MMP-9 and
neutrophil gelatinasc-associated lipocalin, and the 94-kDa band is a
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MMP-9 Ab

Normal

Fiz. 6, Expression of matrix metalloprolcinase
{MMDP}-9 and tissue inbibitor of melalloproteinases
(TIMP}-2 proteins in human manunary gland. Cells
stained red indicaste MMP-9 ar TIMP-2 protein
expression. All sections were counterstained lightly
with hematoxylin for viewing negatively stained
epithelial and suomal cells. 4, C. E and G are
stained with anti-MMP-9 antibody. 8 D, F, and #
are stained with TIMP-2 antibody. 4 ond B, norinal
Lrenst tissues; C and D, atypical intraductal hyper-
plasia (AIDH); E and F. ducts] curcmoma in sim
(DCIS); G and K. infilraling, ductal carcinoma
(JDC9. Al figures ore X200 magnifications. LU,
lumen; EP, epithelial cells; ST, stromu; ME. myo-
epithelial cells.

AIDH

DCIS

IDC

monomer of pro-MMP-9 (21, 27, 28). The new active 215-, 172-,
115-, and 86-kDa bands were generated after incubation with
MMP-26 (Fig. 2B, Lane 3). The 215-, 115-, and 86-kDa bands are the
active forms of the 225-, 125-, and 94-kDa forms, respectively. The
172-kDa band is a dimer of the 86-kDa forms. The activation of
pro-MMP-9 by MMP-26 was completely inhibited by recombinant
TIMP-2 and TIMP-4 (Fig. 24, Lanes 5 and 6, Fig. 2B, Lanes 4 and 8).
The blocking efficiencies of TIMP-2 and TIMP-4 were comparable
with those of two broad-spectrun metal chelators/metatloproteinase
inhibitors, 1,10-phenanthrolinc and EDTA (Fig. 24, Lanes 7 and 8).

To further confirm the inhibition of MMP-26-mediated pro-MMP-9
activation by TIMP-2 and TIMP-4, in vitro FN clcavage assays were
performed. MMP-26 slowly cleaved FN to generate 125- and 58-kDa
bauds (Fig. 3, Lane 10), whereas pro-MMP-9 did not cleave FN (Fig.
3, Lane 11). However, MMP-26-activated MMP-9 cleaved FN com-

pletely, generating at least seven new bands (Fig. 3, Lane 12). Both
TIMP-2 and TIMP-4 completely blocked the activation of pro-
MMP-9 by MMP-26, which subsequently resulted in inhibition of FN
cleavage (Fig. 3, Lones 13 and 15).

Expression of MMP-26 mRNA in Human Breast Tissues. fn
situ hybridization showed that MMP-26 mRNA was localized in
hutnan breast DCIS (Fig. 44). On a serial section of the same tissue,
MMP-26 protein was also detected in human breast DCIS (Fig, 4C).
The MMP-26 sensq probe and pre-immune IgG jtom the same animal
as the MMP-26 aniibody werc used as controls (Fig, 4, B and D).

Expressions of MMP-26, MMP-9, TIMP-2, and TIMP-4 Pro-
teins in Human Breast Tissues. MMP-26, MMP-9, TIMP-2, and
TIMP-4 proteins were detected in hwman breast epithelia (Figs. 5-7).
The expressions off the four proteins were extremely high in human
breast DCIS (20 cases) cells (Fig. SE; Fig. 6, £ and F; Fig. 7E) but

594 .
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TIMP-4 Ab

Normal

AIDH

Fig. 7. Fapression of tissue inhibitor of metal-
loproteinases (TIMP)-4 protein in human mam-
mary gland. Cells stained red indicate TIMP-4 pro-
tein expression. All sections were counlerstained
lightly with hematoxylin for viewing negutively
stuined epithelial and stromal cells, 4, C. £ and G
are stained with antibuman TIMP-4 ontibody. B, D,
F. and /7 are stained with pre-immunz IgGi. 4 and
B. normal breast tissues; C and D, atypical intra-
ductal hypetplusia (4FDH); E and F, ductal carei-
nowa jn site (DCIS), G and A, inliltrating ductal
carcinoma (IDC). All lgures are X200 magnifica-
tions. LU, hunen: EP, cpithelinl cells; ST, stroma;
ME. myoepitheliat cells.

DCIS

IDC

very low in the normal glandular epithelial cells (25 cases) around
DCIS and IDC (Fig. 54: Fig. 6, 4 and B; Fig. 74) and also in AIDH
[15 cases (Fig. SC; Fig. 6, C and D; Fig. 7C)). Their expressions were
substantially decreased in 1DC [23 cases (Fig. 5G; Fig. 6, G and H,
Fig. 7G)). Statistical analysis revealed that the signal intensities of
MMP-26, MMP-9, TIMP-2, and TIMP-4 proteins in DCIS were
significantly higher than those in IDC, AIDH, and normal epithelia
around the DCIS and IDC (P < 0.05 or P < 0.01; Fig. 8). There was
no significant difference for the signals of MMP-26, MMP-9,
TIMP-2, and TIMP-4 proteins among the normal epithelia around the
DCIS and IDC, ot in the AIDH and IDC samples (P > 0.05; Fig. 8).
Pre-immune IgGs from the sare animals as the MMP-26 or TIMP-4
antibodics were used as controls (Fig. 5, B, D, F, and H, Fig. 7, B, D,
F, and H). There was no significant difference (£ > 0.05) for the

595
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pre-immune 1gG signals among the normal, AIDH, DCIS, and IDC
samples. -

Coexpression of MMP-26 and MMP-9 in Human Breast Car-
cinoma. To confirm the distributions of MMP-26, MMP-9, TIMP-2,
and TIMP-4 within carcinoma cells, double immunofluorcscence
slaining assays were performed in human breast DCIS samples.
MMP-26 protein was localized mainly in the cytoplasm of the can-
cerous cells (Fig. 94, red; Fig. 98, green), which is consistent with our
previous report (9). MMP-9 was localized both in the cytoplasm of the
cancerous cells and at the cell surface, mainly on the cell membrane
(Fig. 9C. green). The merged picturc shows that MMP-26 and MMP-$
were coexpressed in the cytoplasm of the cancerous cells (Fig. 9E,
yellow). The high magnification pictures in Fig. 9, 4, C, and E, clearly
demonstrate MMP-26 and MMP-9 colocalization (indicated by ar-
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Fig. 8. Densitometric quanlification analyses of matvix metalloproteinase 26, matrix
melalloproteinase 9, tissue inhibitos of metalloproteinases 2. and tissue inhibilor of
metalloproteinases 4 protcin expression. The quantification analysis was deseribed in
“Materials and Methods.” The epithelial regions were isolated. and the staining area and
total yelected avea were obtained by Integrated Momphometry Analysis (IMA) and ana-
lyzed by one-way ANOVA with least signiticant difference (LSD) correction. Each value
represents the mean * SE. #, 2 < 0,08 =%, P < 0.01. Normal, normal breast tissue,
AIDIH. atypies] intraductal hypeiplasia: DCIS, ductal cavcinomu in sing IDC, infiltrating
ductal carciuomas », the number of cases.

rowheads). TIMP-4 is shown in Fig. 9D (red). MMP-26 and TIMP-4
were also coexpressed in the cytoplasim of the cancerous cells (Fig.
9F, yellow). MMP-26 and TIMP-2 were also colocalized in cancer
cells, and minimal signals were detected in control tissucs using
purified pre-immune rabbit IgG and nonimmune goat sera (data not
shown).

DISCUSSION

The epithelial component of the normal and noninvasive human
breast is physically separated fromn the stroma by myoepithelial cells
and the basement membrane, which is composed of a group of fibrous
proteins, including type IV collagen, FN, laminin, and proteoglycans.
The distuption of both the myoepithelial cell layer and the basement
Inewnbrane is an essential prercquisite for the invasion of DCIS. In this
present investigation, we found that the levels of MMP-26 and
MMP-9 proteins in human breast DCIS were significantly higher than
those in buman breast IDC, normal mammary glands, and AIDH.
MMP-26 and MMP-9 were colocalized in human breast DCIS cells.
MMP-9 is a powerfu) cnzyme associated with human breast cancer
development and invasion (29, 30). Scorilas ef al. (29) and Soini ef al.
(31) demonstrated that MMP-9 mRNA and protein were highly ex-
pressed in human breast carcinoma cells. MMP-9 protein is also
expressed in the breast carcinoma cell lines MCF-7 (32, 33), SKBR-3
(34), MDA-MB-231 (35, 36), and MCF10A (36) and in normal breast
epithelial cell lines HMT-3522 and T4-2 (32, 37). Our recent study (9)
demonstrated that the level of MMP-26 protein in human prostate
carcinomas is also significantly higher than those in prostatitis, benign
prostate hyperplasia, and normal prostate tissues. MMP-26 and
MMP-9 are not only coexpressed in human prostate carcinomas and in
androgen-repressed prostate cancer cells, but they also promoted the
invasion of androgen-repressed prostate cancer cells across FN or type
1V collagen via MMP-26-mediated pro-MMP-9 activation.

Nguyen et al. (38) showed that active MMP-9 accumulates in the
cytosol of human endothelial cells, where it is eventually used by
invading pseudopodia, and it is possible that endogenous, self-acti-
valed MMP-26 serves as an activator for intracellular pro-MMP-9.
The active form of MMP-9 inay then be stored inside the cell, ready
for rapid release when it is required to initiate invasion of human

breast DCIS cells. :AAlthough DCIS is not invasive cancer, it may have
the potential to develop into INDC, given time. The localization of
MMP-26 mRNA and protein in carcinomas was confirimed by in sity
hybridization and: immunohistochemistry, providing evidence that
MMP-26 is an epitheHal cell-derived enzyme (3-6).

We demonstrated that the hydrolysis of synthetic peptides by
MMP-26 is inhibited by TIMP-2 and TIMP-4, which is consistent
with previous reports (5, 6, 8). TIMP-2 and TIMP-4 were also able to
completely block ‘MMP-9 activation by MMP-26, as well as the
cleavage of FN by MMP-26-activated MMP-9. Thercfore, one con-
sequential function of TIMP-2 and TIMP-4 may be their inhibition of
MMP-$ activation by MMP-26. TIMP-2 and TIMP-4 possess several
distinct cellular functions, but their most widely appreciated biolog-
ical functions arc their roles in the inhibition of cell invasion /v vitro
(39—42) and their in vivo contributions to tumorigenesis (43, 44) and
growth and metastasis (44—47). The underlying molecular mecha-
nisin for the tumor-suppressing activities of the TIMPs is thought to
be dependent on their anti-MMP activitics.

[u our experiments. the expressions of TIMP-2 and TIMP-4 were
all increased significantly in human breast DCIS but decreased in
1DC, mimicking the expression of MMP-26 and MMP-9 in DCIS and
IDC, which indicates that (hese four proteins are highly coordinated
during human breast carcinoma development and progression, It may
also suggest that remodeling of the extracellular matrix by MMP-26
and MMP-9 stimufates the expression of TIMP-2 and TIMP-4, in-
plying self-regulation through a negative feedbuck loop. The consis-
tently high expression of TIMP-2 and TIMP-4 proteins in human
breast DCIS is in agrcement with reports that the expression of
TIMP-2 and TIMP-4 in human breast carcinomas is increased (14, 16,

d - MMP26

- TIMP4

Fig. 9. Caexpression.of matrix metalloprotcinase (MMP)-26 with MMP-9 or tissue
inhibitor of metatloproteinases (TIMP)-4 in human breast ductal corcinoma in sity (DCIS).
In 4. C, and & Ihe primary uniibodies are rubbit antihaman MMP-26 TgG and goat
antihuman MMP-9 IgG, the secondary ontibodies are Rhodamine Red-X-conjugated
donkey antirabbit {pG and FITC-conjugated donkey antigoat IgG. A, red indicates
MMP-26 prolein staining, which is localized mainly in the eytaplosm of DCIS cefls, C,
green indicates MMP-9 protein swining, which is localized muinly on the cell surface of
the canceraus cells. £, merged images show a color shifl to orange-yellow, indicating
colocalization between MMP-26 and MMP-9 proteins in DCIS. In B, D, and F. the
primary antibodies arc mouse antivinon MMP-26 1gG and robbit antihuman TIMP-4 [gG.
After incobation with primary antibodies, the slides were incutated with goat antimouse-
IgG IgG. The secondary antibodics ure the same as those described in 4, C. and £. B,
green indicates MMP-26 protein staining, which is localized mainly in the cytoplasm of
DCIS cells. D, red indicates TIMP-4 protein siaining, F, merged images show a color shilt
to orange-yellow, indicaling colocalization between MMP-26 and TIMP-4 proteins in
DCIS. Scale bars, 50 pwm. ST, stroma; LU, lumen,
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39, 48). This may represent a compensatory response Lo the increased
MMP-26- and MMP-9-mediated remodeling stimuli in DCIS iu an
attempt to reach a new balance between MMP-26/MMP-9 and TIMP-
2/TIMP-4 to regulate degradation of the extracellular matrix and to
suppress tumor progression by impeding MMP-26, MMP-9, and
MMP-26-mediated MMP-9 activation. TIMP-2 and TIMP-4 may play
multiple roles in human breast cancer in addition to inhibiting MMPs,
including antiapoptotic activity and tumor-stimulating effects when
administrated systemically (16). The new paracdigms concerning the
potential roles of TIMPs in suppressing or promoting tumor progres-
ston have been discussed previously (49).

The decreased MMP-26 and MMP-9 cxpression levels in IDC
suggest that these two cnzymes may play a role in the very early
stages of DCIS invasion, but once the basement membranc has becn
breached, cancer cells become Jess dependent on the activities of
MMP-26 and MMP-9. Nielsen et al. (50) demonstrated that MMP-9
immunostaining or in sity hybridization signals were not detected in
human breast ductal carcinoma cells but were seen in tumor-infiltrat-
ing stromal cells including inacrophages, neutrophils, and vascular
pericyles. This indicates that MMP-9 may be transiently expressed in
cells during the early stages of human breast carcinoma (DCIS), but
not in the later stages of brcast carcinoma (IDC). The controversy
surrounding the expression of MMP-9 found in the literature (29, 31,
50), inclusive of our current findings. might also suggest that these
difterent expression patterns arise from DCIS and IDC representing
genetically distinet discase forms, raising the possibility that DCIS
does not simply designate a transitory diseasc stale thal invariably
leads to IDC.

Down-regulation of TIMPs contributed significantly to the tumor-
igenic and invasive potentials of cancer cells (43, 44). Decreased
production of TIMP-2 resulted in increased MMP aclivity, leading to
increased invasiveness by cancer cells (39). Therefore, maintenance
of the balance between MMPs and TIMPs appears critical for the
suppression of cancer cell invasion and metastasis. Once the balance
between MMP-26/MMP-9 and TIMP-2/TIMP-4 in DCIS is destroycd,
the inhibition by TIMP-2 and TIMP-4 may be inadequate to block the
degradation of extraccllular matrix components by MMP-26 and
MMP-9 in DCIS, resulting in degradation of basement membrane
components and initiation of the invasive processes of DCIS cells.
MMP-26, MMP-9, TIMP-2, and TIMP-4 may be spatially and tem-
porally expressed in the very early stages of DCIS invasion, whereas
other enzymes/inhibitors are responsible for the late-stage invasion of
IDC cells. Further investigations will provide a more complete un-
derstanding of the functions of MMP-26, MMP-9, and TIMPs in
hwiman breast cancer progression.
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marker of cellular proliferation) were recorded for invasive cancers.
Results:
None of the four genotypes were associated with an increased risk of

breast cancer.
Genotype  Nommal(%)  Cancer(%)

TGFa Tag n=244 n=J75 Chi? 4.5
T 81.6 76.6 p=0.11
GT 17.2 23.4
GG 1.2 0.0

TGFo Bam n=200 n=208
AA 75.5 77.4 Chi* 1.2
cc 2.0 3.4 p=0.53
CA 22.5 “19.2

TGFo Rsa n=201 n=213
cC 18.9 26.8 Chi* 3.9
CcT 70.6 65.3 p=0.14
T 10.4 8.0

EGF n=221 n=324
GG 18.6 19.1 Chi? 4.3
GA 58.4 50.3 p=0.12
AA 23.1 30.6

There was no association with lymph node status, size, ER or
progesterone status, EGFR status, Ki67 levels or survival on any of the
polymorphic sites although the numbers studied were small.
Discussion: Polymorphisms in the EGFR ligands are not associated
with an increased risk of breast cancer.
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Recombinant human insulin-like growth factor binding protein- -

3 (rhIGFBP-3) as a potential therapeutic agent for the treatment
of herceptin-resistant breast cancer.

Jerome L, Yu Q, Belanger S, Shiry L, Pegram M, Leyland-Jones B.
McGill University, Montreal, QC, Canada; Insmed Incorporated,
Richmond, VA; UCLA, Los Angeles, CA '

Human epidermal growth factor receptor-2 (HER-2/erbB2) belongs to
a family of tyrosine kinase receptors involved in signal transduction
pathways that regulate epithelial cell growth and differentiation. HER-
2 is overexpressed in 20-30% of human breast cancers and is associated
with enhanced tumor aggressiveness and a high risk of relapse and
death. Herceptin (Trastuzumab) is a humanized monoclonal antibody
that targets HER-2 and has demonstrated clinical activity against HER-
2-overexpressing breast tumors. However, development of resistance
to Herceptin is common and evidence suggests that the insulin-like
growth factor receptor (IGF-IR) may be involved. Preliminary data
have shown that interference with IGF-IR signaling via co-treatment
with recombinant human IGF-binding protein-3 (rhIGFBP-3) restores
the growth-suppressive effect of Herceptin in otherwise resistant breast
cancer cell lines (Lu et al. 2001 JNCI).

To further explore the ability of rhIGFBP-3 to sensitize breast tumors
to Herceptin, we examined its effect in 2 HER-2-overexpressing breast
cancer lines (SKBR3 and BT474) and 3 Herceptin-resistant sublines
created by transfection with the IGF-IR (SKBR3/IGF-IR) or HER2
(MCF-7/HER2-18), or by prolonged exposure to Herceptin (BT474/
HerR). Elevated IGF-IR levels were confirmed in all 3 Herceptin-resistant
lines (Table 1). Using the MTT assay, maximal growth inhibition of
parental BT474 (40%) and SKBR3 (33%) was seen at 2.5ug/ml Herceptin.
In the cell lines with increased IGF-IR, survival was reduced by only 15-
18% at the same Herceptin dose. As a single agent, rhiGFBP-3 showed
marked dose-dependent growth inhibition of Herceptin-resistant MCF-
7/HER2-18 and SKBR3/IGF-IR, but a less pronounced effect on BT474/
HerR. When combined with Herceptin, there was a marginal dose-
dependent increase in growth inhibition of MCF-7/HER2-18 as
compared to rhIGFBP-3 alone. In contrast, thIGFBP-3 elicited a strong
dose-dependent increase in Herceptin sensitivity of SKBR3/IGF-IR and
BT474/HerR. The combination did not significantly enhance Herceptin
sensitivity in BT474 and had a modest effect in SKBR3. Thus, rhIGFBP-
3 displayed potent single-agent (MCF-7/HER2-18) and combinatorial
activity with Herceptin (SKBR3/IGF-IR and BT474/HerR) in Herceptin-,
resistant breast carcinoma cells. Ongoing in vivo experiments are
directed at evaluating the anti-tumor activity of rhIGFBP-3 with models
incorporating these cell lines. :

Table |, Effect of thIGFBP-3 and Herceptin on growth of HER-2-overexpressing
human breast cancer cells.
Breast IGF-IR  Growth Inhibition (MTT Assay)
Cancer Status rhIGFBP-3 Herceptin  Herceptin (2.5ug/mi) +

Cell Line (Western) (0.1-100ug/ml) (2.5ug/ml) rhIGFBP-3 (0.1-
100ug/ml)

BT474 Low 10-20% - 40% 35-47% .
BT474/HerR Moderate 10-26% 18% 30-50%

SKBR3 Low 20-40% 33% 44-54%
SKBR3/IGF-IR  High 12-40% 17% 26-60%
MCF-7/HER2-18 High 15-55% 15% 20-60%
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Endometase in human breast carcinomas, selective activation
of progelatinase B and inhibition by tissue inhibitors of
metalloproteinases-2 and -4.

Zhao Y-G, Xiao A-Z, Park HI, Newcomer RG, Yan M, Man Y-G,
Heffelfinger SC, Sang Q-XA. Florida State University, Tallahassee, FL;
University of Cincinnati College of Medicine, Cincinnati, OH: The
Armed Forces Institute of Pathology, Washington, DC

Background: Matrix metalloproteinases (MMPs) are known to be
associated with cancer-cell invasion and metastasis. MMP-26 is a novel
enzyme that was recently cloned and characterized by our group and
others. MMP-26 mRNA is primarily expressed in cancers of epithelial
origin, such as endometrial carcinomas, prostate carcinomas, lung
carcinomas, and in a small number of normal adult tissues. Our previous
study showed that MMP-26-mediated pro-gelatinase B (MMP-9)
activation promotes invasion of androgen-repressed human prostate
carcinoma cells.

Material and Methoeds: Enzyme kinetic study and in vitro enzyme
assay were used to reveal the regulation of the MMP-26-mediated
activation of MMP-9 by its endogenous inhibitors, tissue inhibitor of
metalloproteinase (TIMP-1, -2 and -4). Microdissection, RT-PCR and
in situ hybridization were used to detect MMP-26 mRNA expression in
human  breast  tissues.  lmmunohistochemistry, double
immunofluorescence labeling and confocal laser scanning were used to
detect expression of MMP-26, MMP-9, and TIMP-1, -2 and -4 in
human breast tissues.

Results: Enzyme kinetic studies showed that TIMP-1, -2 and -4 were
potent inhibitors of MMP-26, with apparent K, values of 4.7 nM, 1.6
nM, and 0.62 nM, respectively. TIMP-2 and -4, but not TIMP-],
completely blocked the activation of pro-MMP-9 by MMP-26 during
in vitro enzymatic assays, which resulted in significant diminution of
fibronectin cleavage. Higher levels of mRNA and protein for MMP-26
were detected in human breast carcinomas when compared to normal
breast epithelia around the carcinomas. The expressions of MMP-26,
MMP-9, TIMP-2 and TIMP-4 proteins in human breast ductal
carcinomas in situ (DCIS) were significantly higher than those in
infiltrating ductal carcinomas (IDC), atypical intraductal hyperplasia
and normal breast epithelia around DCIS and IDC by densitometric
analysis. Double immunofluorescence labeling and confocal laser
scanning revealed that MMP-26 was co-localized with MMP-9, TIMP-
2 and -4 in breast DCIS. These results suggest that MMP-26, MMP-9,
TIMP-2 and -4 may play a more important role during the early
invasion of human breast DCIS cells that initiate IDC than in human
breast IDC spreading.
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Is hepatocyte growth factor/scatter factor (HGF/SF)
lymphangiogenic?

Jiang WG, Parr C, Martin T4, Davies G, Watkins G, Mansel RE. University
of Wales College of Medicine, Cardiff, Wales, United Kingdom

Introduction. Hepatocyte growth factor (HGF), also known as scatter
factor (SF) is a known potent angiogenic factor and is highly expressed
in human breast tumours, particularly node positive tumours. HGF/SF is
linked to a poor clinical outcome of patients with breast cancer. However,
it is not known if HGF/SF has lymphangiogenic functions. This study
examined, using both in vitro and in vivo models, the effects of HGF on
lymphangiogenic function of endothelial cells,

Methods. Human endothelial cells that has lymphatic characteristics
and human breast cancer cell MDA MB 231 were used. The effects of
recombinant human HGF/SF (thHGF) on the expression of lymphatic
markers, podoplanin, Prox-1, vascular endothelial growth factor




the E-cadherin gene (8/8). All of the cases of ALH tested to date (5/5)
show inactivation of E-cadherin but harbor no mutations. Discussion:
Cases lacking both expression of E-cadherin and gene alterations suggest
that another mechanism, involved at the stage of hyperplasia, is causing
the lack of protein expression. In light of these findings, studies are in
progress to evaluate other mechanisms of gene silencing i.e. LOH and
promoter methylation, as well as the expression status of proteins
associated with E-cadherin. The completion of these analyses will provide
insight into the molecular genetic profile for lobular neoplasia.
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A subset of normal and hyperplastic appearing mammary ductal
cells display invasive features.

Man YG, Mattu R, Zhang R, Yousefi M, Sang QXA, Shen T. The Armed
Forces Institute of Pathology, Washington, DC; Florida State University,
Tallahassee, FL; Temple University Hospital, Philadelphia, PA

Background: Our previous studies in patients with ductal carcinoma
in situ revealed the persistence of some ER negative cell clusters that
displayed invasive features. The current study attempted to assess
whether similar ER negative cell clusters might also be present in normal
and hyperplastic mammary ducts.

Materials and Methods: Paraffin sections harboring normal and
hyperplastic breast lesions were double immunostained with the same
protacol. Immunostained sections were examined to identify ER
negative cell clusters, defined as groups of 2 5 ER negative cells overlying
disrupted myoepithelial (ME). cell layers, in contrast to the adjacent
cells within the same duct that showed intense ER staining and overlay
a non-disrupted ME cell layer. The moleculr and imunohistochemical
features in ER negative cell clusters were compared to those in adjacent
ER positive cells, and in micro-invasive breast lesions,

Results: ER negative cell clusters were seen in both normal and
hyperplastic appearing ducts in about 10% of the cases. Compared to
the ER positive cells within the same duct, a subset of ER negative cell
clusters displayed several unique features: (1] noticeable alterations in
cell morphology and density; [2] reduced or lost expression of p27, a
growth inhibitor; [3] a significantly higher rate of cell proliferation; (4]
an increased frequency of genetic alterations. These features were
comparable to those seen in micro-invasive breast lesions.
Discussion: A subset of normal and hyperplastic mammary ductal
cells displayed biologic features similar to those in micro-invasive
mammary tumors, raising a provocative possibility that some of these
ER negative cell clusters might represent the direct precursors of invasive
tumors.

Acknowledgment: Supported by Congressionally Directed Medical
Research Programs, DAMD 17-01-1-0129 and DAMD17-01-1-0130,
to Yan-gao Man
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treated group individual tumour growth/median control group
growth)x100.

Results

CELL LINE HER 18 SKOV3 MDAMB231

COX-2 expression + * =

ER expression + + -

Median tumour growth 39.3* (3.9- 29.5[-2.2 297>

(mm?) [IQR] TREATED 156.1} -89.8} {0-53.3)

CONTROL 99.9 [34.8- 62.1 [11.9- 96.4 {51.3-
177.9) 206.7] 284.4)

Median tumour growth 58.7* [-7.3- 68.95 {-22.7-  46.3***

inhibition (%) . 98.2] 101.76) {3.7-97.4]

Median Ki67 (%) TREATED 52.3 334 57.4

CONTROL 56.3 32.0 56.5

Median TUNEL 0.74** 0.56 0.56

(%) TREATED

CONTROL 0.52 0.48 0.51

[IQR= Interquartile range] *p=0.029 **p=0.002 ***p=0.0002 (Mann Whitney U
test)

Celecoxib significantly inhibited tumour growth in the HER18 (p=0.029)
and MDAMB231 (p=0.0002) cell lines. Apoptosis increased
significantly in celecoxib treated HER18 (but not MDAMB231) tumours
(p=0.0002).

Discussion Celecoxib inhibits tumour growth in vivo in EGFR/HER2
positive COX-2 expressing cell lines. The mechanism of tumour growth
inhibition in HER2 positive tumours is by increased apoptosis. Further
research into the mechanisms of action is underway. COX-2 inhibition
is a promising therapy for breast cancers expressing EGFR/HER2.
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Low to moderate protein expression of HER2/neu in breast
cancer by immunohistochemistry (IHC) correlates with low
level ErbB2 gene amplification by fluorescence in situ
hybridization (FISH); updated results.

Rugo HS, Moore D, Chen Y-Y, Magrane G, Hwang ES, Waldman FM.
University of California San Francisco, San Francisco, CA

Background: HER2/neu overexpression in breast cancer is important
for progriosis, choice of optimal treatment and use of trastuzumab
therapy.” Recent data suggests that ERBB2 gene amplification measured
by FISH is a powerful predictor of response to the antibody trastuzumab
(Mass et al, 2001); FISH positivity is commonly used to select patients
for treatment, Concordance between protein overexpression and gene
amplification is variable; with amplification in 89% of THC 3+, 31% of
1HC 2+, and <10% of 1+ cancers. The relationship of the intensity of
protein overexpression to the level of gene amplification and response
to trastuzumab is not well understood. At UCSF, we routinely perform
FISH on all IHC 2+ cancers, and for variable staining on IHC 1+ and 3+
as well, to confirm the presence or absence of gene
amplification.Methods: IHC was performed using either the CB11
monoclonal antibody or HercepTest (Dako) and scored according to
standard guidelines. FISH was performed using probes to ErbB2 and
centromere 17 (C17); amplification is defined as a mean ratio of > 2 of
ERBB2 gene copy # to centromere 17. When possible, at least 50 cells
were scored per case for both ERBB2 and C17.Results: We have now
tested paraffin blocks on 323 cases of invasive breast cancer with both
IHC and FISH. Amplification was seen in the following: IHC 0 3/29
(10%), 1+ 10783 (12%), 2+ 53/172 (31%), 3+ 30/39 (77%). Of IHC 0
and 1+ cases that were found to have ErbB2, 8 cases were node negative,
and 10/13 (77%) were ER and or PR positive. Among FISH + cases, we
found a significant trend toward lower gene amplification in tumors
with moderate to low versus high protein expression, p value for trend
between JHC and gene amplification is <0.0001. The mean ErbB2 ratio
for IHC 0-2+ ranged from 2.3-3.7; for IHC 3+ the mean ratio was 7.6.
On multivariate analysis, IHC was the only significant variable
correlating with low leve!l amplification of ErbB2; there was borderline
evidence of a difference with ER/PR status. There was no correlation
between amplification and tumor grade, node status, or LVI; a trend was
seen between lower amplification and ER/PR positivity (p0.055).
Discussion: FISH testing should be performed on all THC 2+ cancers,
and perhaps a subset of IHC 0 and 1+ in addition. The level of protein
expression correlates with the magnitude of ErbB2 amplification. 1t is
important to determine the clinical significance of low level gene
amplification associated with 0-1+ and 2+ protein expression, in regard
to outcome and response to trastuzumab. Correlation of degree of
amplification with response to adjuvant and late stage therapy is ongoing
and will be presented.
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Inhibition of breast cancer development in vivo by long-term
consumption of the low toxic phenylacetate derivative, 4-
chlorophenylacetate.

Sidell N, Tekmal RR. Emory University, Atlanta, GA; UTHSCSA, San
Antonio, TX -

The aromiatic fatty acid phenylacetate (PA) and its analogs have come
under intense investigation due to their ability to cause the growth
arrest of a variety of neoplasia, including human breast cancer. We
have previously determined that PA and its halide derivative 4-
chlorophenylacetate (4-CPA; showed marked antitumor activity on
estrogen-dependent breast cancer cells in vitro. To test the ability of 4-
CPA to affect breast cancer carcinogenesis in vivo, we have utilized
7,12-dimethylbenzanthracene (DMBA)-induced mammary tumor
development in aromatase transgenic mice as a model system.
Pharmacologic studies of 4-CPA demonstrated that mouse blood plasma
levels reached peak concentrations 4 hr after bolus intragastric
administration of the compound and showed slow clearance
characteristics with an apparent half-life of 4 to 8 hrs. As opposed to
PA, 4-CPA was found to be essentially odorless and readily consumed in
drinking water, giving rise to steady-state blood plasma levels of 4-CPA
in the near mM range. Continuous consumption of 4-CPA in this
manner for up to 5 months demonstrated no apparent adverse effects
on the mice. For our experiments, aromatase transgenic females were
divided into two groups, with one group receiving 4-CPA (6.0 mg/ml)
continuously in their drinking water starting at 6 weeks of age until
they were sacrificed. Both groups were treated with DMBA at 7-8
weeks of age via orogastric tube (1.0 mg in 100-200 m! of com oil once
per week for four weeks). One month after the last administration of
DMBA, the mice were paipated for tumors and observations continued
weekly for an additional 3 months. Results showed that in the group of
mice not receiving 4-CPA, approximately 50% of the animals developed
palpable mammary tumors while the remaining 50% showed frank
microscopic evidence of ductal carcinoma in-situ. In the 4-CPA-treated
group, no palpable tumors were detected while on a microscopic level,
only mild hyperplasia was evident in some animals. These results
demonstrate the ability of 4-CPA to act as a potent low toxic,
chemaopreventative agent against the development of carcinogen-
induced mammary cancer. Histological and biochemical changes induced
by the 4-CPA in the mouse tissue will be discussed.
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A subset of mammary epithelial cells overlying focally disrupted
myoepithelial cell layers shows an unusual immunostaining
pattern for proliferation-related proteins.

Man YG, Zhang R, Mattu R, Shen T, Sang QXA. Armed Forces Institute
of Pathology, Washington, DC; Temple University Hospital,
Philadelphia, PA; Florida State University, Tallahassee, FL

Background: Our previous observations in estrogen receptor (ER)
positive tumors revealed ER negative cell clusters, defined as groups of
> 5 ER negative cells overlying disrupted myoepithelial (ME) cell
layers, in contrast to adjacent cells within the same duct that showed
intense ER immunostaining and overlay a non-disrupted ME cell layer.
This study intended to compare the proliferation status between ER
negative cell clusters and their adjacent ER positive counterparts.
Materials and Methods: Consecutive sections were cut from selected
tissue blocks containing ER negative cell clusters. A set of 6 adjacent
sections were immunostained for Ki-67, PCNA, cyclin A, p27, MMp-
26 and cytokeratins AEI/AE3. The proliferation status between ER
negative cell clusters and adjacent ER positive cells within the same
duct was statistically compared.

Results: All ER negative cell clusters were immunoreactive for
cytokeratins AEI/AE3, suggesting that they were epithelial in nature.
Cells in a majority of ER negative clusters were morphologically similar
to adjacent ER positive cells, while they showed a significantly higher
(p>0.01) proliferation rate. On the other hand, cells in a subset of ER
negative clusters were morphologically different, and were also devoid
of immunostaining for Ki-67, PCNA, cyclin A, and p27, as well as
MMP-26, in contrast to their adjacent ER positive counterparts, which
were immunoreactive to these markers.

Discussion: A subset of ER negative cells were devoid of expression of
known proliferation-related markers, and also morphologically different
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from adjacent ER positive cells within the same duct, suggesting that
these cells are formed and regulated by a yet to be identified mechanism.
Acknowledgment: Supported by Congressionally Directed Medical
Reserach Programs, DAMD17-01-1-0129 and DAMDI17-01-1-0130,
to Dr. Yan-gao Man.
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Potential importance of PKC-alpha activity in defining breast
tumor luminal/basal phenotype.

Lacroix M, Laes J-F, Hennuy B, Cardoso F, Lallemand F, Gonze I,
Leclercq G, Piccart M, Sotiriou C. Jules Bordet Institute, Brussels,
Belgium, BioVallée, Gosselies, Belgium ’

The phorbol ester PMA is a known activator of the PKC-alpha. PK.C-
alpha activity is higher in basal-like breast cancer cell lines (BCC) such
as MDA-MB-231 as compared to luminal-like ones. It has been shown
that PKC-alpha overexpression in the luminal-like MCF-7 BCC leads
to more aggressive phenotype. In this study we investigated the effects
of PMA on global gene expression in both MCF-7 and MDA-MB-231
BCC lines using a 10000-feature cDNA microarrays (Incyte Genomics).
Notable changes observed in MCF-7 included: 1/ down-regulation of
estrogen receptor- modulated and/or luminal phenotype-associated genes
such as ESRI1, BCL2, MYB, PGR, SYK, RERG, LIVI; 2/ up-regulation
of basal phenotype associated genes such as MMPI, ICAMI, VEGF,
ID1, CEBPB; 3/ modulation of genes involved in the TGF-beta signaling
pathway such as LTBP1, SMAD3; 4/ up-regulation of genes associated
to cAMP signaling pathway such as ADORA2A and PRKACA. In
contrast to MCF-7 BCC, we observed a considerably lower number of
genes regulated in the MDA-MB-231 BCC. Moreover, the majority of
these genes were also modulated in the MCF-7 BCC. Our results strongly
suggest that PKC-alpha activity might play a major role in determining
the basal-like phenotype in breast tumors. In order to address this issue,
we analyzed the transcriptional profiles of a series of breast tumors
based on the PMA-regulated subset of genes, as defined by our in vitro
study. Hierarchical cluster analysis partitioned tumor samples in two
major classes that remarkably fitted with the luminal and basal-like
phenotype, as defined by a larger gene set. In conclusion, PKC-alpha
mediated signaling pathway seems to be of great importance in defining
breast cancer phenotype, by promoting the expression of genes
characteristic of basal like cells.
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The effects of fulvestrant and gefitinib on proliferation,
progesterone - receptor and pS2 expression in normal human
breast epithelium in vivo.

Moore HA, Anderson E, Clarke RB, Warmberg F, Barnes NL, Wakeling
AE, Bundred NJ. Christie Hospital NHS Trust, Manchester, United
Kingdom; AstraZeneca Pharmaceuticals, Manchester, United Kingdom
South Manchester University Hospital, Manchester, United Kingdom

Fulvestrant (‘Faslodex’, FAS), an estrogen-receptor antagonist with no
known agonist activity, and gefitinib (‘Iressa’, ZD1839), an epidermal
growth factor receptor (EGFR) tyrosine kinase inhibitor, inhibit
estrogen-induced proliferation in human breast epithelium. The present
study determines the effects of combining the two agents on
proliferation and estrogen-regulated proteins in human breast epithelium
implanted subcutaneously (sc) into nu/nu mice. After 2 weeks, a 2 mg
estradiol (E2) pellet was inserted sc and treatment with FAS

(5 mg/mouse/week sc) and/or gefitinib (10 mg/kg daily by gavage)
commenced. Controls received vehicle. Tissue was removed at day O
and 14 days after the start of treatment for immunohistochemical
detection of the Ki67 proliferation-associated antigen, progesterone
receptor (PR) and pS2. FAS and gefitinib alone or in combination
significantly reduced E2-stimulated Ki67 expression compared with
control (see table). The effect of combining FAS and gefitinib was
greater than that of gefitinib (p=0.016) but not FAS (p=0.186) alone.
Both FAS and gefitinib reduced E2-stimulated PR expression and the
effect of the combination was greater than either alone (p=0.08 and
p=0.017, respectively). Expression of pS2 was inhibited by FAS alone
and in combination with gefitinib, but not by gefitinib alone. The
effects of FAS and gefitinib suggest that both EGFR and estroggn-
receptor signaling pathways are involved in controlling proliferation
and PR expression in normal human breast epithelium.

Treatment AKi67 p APR p ApS2 p
Control 4.7£06 - 29.3£2.1 - 9.2¢1.5 -
Gefitinib 2.4x0.5  0.019 19.2¢1.8 0.003 7.8¢1.6 nsd
FAS 1.7£0.5  0.0014 16.5x1.4 0.0001 4.2x1.0 0.002
Gefitinib+FAS  1.0£0.6  0.0001 14.1£1.8 0.0001 2305 0.0001

A, change between day 0 and day 14 (mean + se); p, difference from control by Mann-
Whitney U test; FAS, Faslodex; PR, progesterone receptor
‘Faslodex’ and ‘lressa’ are trademarks of the AstraZeneca group of companies.
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Quantification of receptor tyrosine kinase (RTK) signal
transduction expression in human carcinomas and cell culture
model systems by automated digital microscopy (ADM)
correlates well with western blot analysis.

Webster S, Gottlieb K, Yamamoto K, Torre-Bueno J, Bauer K.

ChromaVision Medical Systems, San Juan Capistrano, CA; University
of Southern California, Los Angeles, CA

Background: RTK signaling mediates key cellular processes such as
the regulation of differentiation, proliferation and apoptosis. Protein
analysis by immunohistochemistry (IHC) has been limited historically
to subjective manual microscopic estimates of IHC stain intensity (e.g.
0-3+), cellular localization (e.g. nuclear vs cytoplasmic), and the
proportion of positive cells. In contrast, quantitative estimates of
protein content require bultk methods such as western blot (WB) and
ELISA that are not appropriate for studying complex human solid
tumors in situ. A method that provides protein quantification with
retention of histological information would be of substantial benefit.
These studies investigate feasibility for semiquantitative assessment of
RTK signaling by IHC combined with a novel ADM scoring application.
Methods: PhosphoEGFR (pEGFR) was evaluated in EGF-stimulated
A431 cells; phosphoMAPK (pMAPK) and phosphoAkt (pAkt) were
assessed in Jurkat cells treated with PMA or LY294002, respectively.
Cultures were subjected to WB and formalin fixation/paraffin embedding
for IHC. Both methods used the same pEGFR, pMAPK and pAkt
antibodies (Cell Signaling Technology). Cell pellet/tumor IHC was
visualized with DAB and quantified using ADM (ACIS, ChromaVision).
WB was performed using normalized cellular lysates and quantitative
image analysis.

Results: Concordance between ADM and WB was observed in each
system. Within 10 minutes of EGF stimulation, A431 cells exhibited an
approximately 20-fold induction of pEGFR, with a significant correlation
between ADM and WB (r = 0.97; p < 0.025). pMAPK in Jurkat cells
was increased approximately 5-fold by PMA but was unaffected by
L£Y294002, with ADM and WB showing a significant correlation (r =
0.99; p < 0.05). Early indications showed a several-fold decrease in
Jurkat pAkt levels by LY294002 (but not by PMA) as assessed by both
ADM and WB, In preliminary evaluation of human tumors by IHC/
ADM, phosphoepitope expression levels varied over a greater than
100-fold range. This was observed both as overall differences between
biopsies as well as regional differences within tumors, and provided a
context for relating expression levels to histological locations, evaluating
the fraction of cells positive for given markers and providing information
regarding subcellular localization.

Discussion: These studies suggest that ADM analysis of IHC stained
specimens can accurately quantify tumor marker expression and provide
key morphological data not obtainable by molecular techniques. Since
a number of EGFR-based therapies have been (and continue to be)
developed, analysis of RTK signaling should be a beneficial and crucial
part of clinical evaluations designed to individualize patient treatment.
ADM eliminates many of the drawbacks of histopathological analysis
by combining a consistent and less subjective scoring system with the
ease of automation.
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Partial intron expression ELF3 mRNA in peripheral blood
mononuclear cells (PBMC’s) in patients (pts) with breast cancer
(Br ca).

Dosik M, Kaplan MH, Wang X-P. North Shore University Hospital,
Manhasset, NY; North Shore Hematology/Oncolgy Associates, Setauket,
NY

Background: The ELF-3 gene (also called ESX, ESE-1, ERT, jen) is a
member of the ETS family of transcription regulators that is thought
to be expressed only in epithelial cells. Previously, retention of intron
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ining sections were used for microdissection of ER (-) and adjacent ER (+) cells
thin the same duct, RNA was extracted from ER (-) and ER (+) cells and amplified
g the kits from Arcturus (Mountain View, CA). The amplified anti-sense RNA
A) was converted to biotin-labeled cDNA using the Ampo-Labeling Kit from
per Array (Frederick, MD). The labeled cDNAs were interrogated with the “Cancer
thway Finder” arrays, nylon membrane based ¢cDNA arrays manufactured by
perArray Bioscience Corporation (Frederick, MD).
psults: Preliminary studies from 4 selected cases showed that several genes involved
cell cycle control (p16ink4), apoptosis (Survivin and CFLAR), angiogenesis
F1 and thrombospondin-2), and metastasis (SERPINE1) are upregulated in ER (-
ls that are clustered adjacent to the disrupted myoepithelial layer.
nclusions: Gene expression profiling of ER (+) and ER (-) cells within the same
¢t has identified several cancer related genes that may underline the mechanisms of
gression from mammary DCIS to invasive carcinoma. Acknowledgment: Supported
part by grants DAMD17-01-1-0129 and DAMD17-01-1-0130 from
ngressionally Directed Medical Research Programs to Yan-gao Man, MD., PhD.

Separate Sample Margins around Breast Lumpectomies for Predicting

dual Carcinoma
fascia, K Chu, S Tabbara. University of Virginia Health System, Charlottesville,
s The George Washington University, Washington, DC.
kground: Currently,the evaluation of breast specimens includes reporting the
nce of the tumor from the margins of excision. Controversy exists among different
jalties as to what represents a negative margin. The purpose of this study is to
rmine the significance of such ts in planning further re-excisions.
ign: Patients with documented breast carcinoma who underwent additonal
npling of the biopsy cavity at the time of initial lumpectomy were included. Each
in lumpectomy specimen was submitted with six separate sample margins
senting anterior, posterior, lateral , medial, superior and inferior aspect of the
pectomy cavity. The separate sample margins consisted of approximately 1.0
timeter of breast-tissue. The main lumpectomy specimen was reviewed for the
ence of invasive/in-situ carcinoma. The distance of the carcinoma from each of the
erior, posterior, lateral , medial, superior and inferior margins in the main specimen
measured. The separate sample margins were evaluated for the pr of
inoma. Subsequent excisions were evaluated for residual carcinoma.
ults: Sixty seven cases fulfilled the study criteria. Six patients had DCIS and 59
ad invasive carcinoma. A total of 402 lumpectomy margins were measured and 402
¢parate sample margins were evaluated. The evaluated lumpectomy margin
easurerents ranged from <0.5mm to >1.0 cm . Nine of 402 lumpectomy margins were
lved by carcinoma (2 DCIS, 7 invasive carcinoma). The subsequent separate
ginple margins were involved in 2 instances (1 DCIS, 1 invasive carcinoma).
ditionally, 24 separate sample margins that corresponded to 24 uninvolved
| pcctomy margins (< 0.5mm-14mm) contained tumor. Six separate sample margins
invasive carcinoma and 18 had DCIS. Re-excision was available in 21 patients
ith involved margins and demonstrated residual disease in seven patients with
révious separate sample margins involved by carcinoma (2 DCIS, 5 invasive
inoma). )
enclusions: Uninvolved lumpectomy margins seem to predict the absence of
inoma in additional separate sample margins (94% in our study). When a positive
parate sample margin was identified in this study, the measurement of tumor to
mpectomy margin was not predictive (<0.5mm-14mm). A positive separate sample
gin corresponded to residual disease in further excisions in 30% of cases with
fow-up. The numbers in this study are too small for a definitive conclusion, however
e evaluation of separate sample margins from the lumpectomy cavity seems to predict
idual disease in a significant proportion of patients.

k ']57 " Characterization of a Molecular Genetic Profile for Lobular Neoplasia
\TL Mastracci, S Tjan, FP O'Malley, IL Andrulis. Fred A. Litwin Centre for Cancer
netics, Samuel Lunenfeld Research Institute, Toronto, ON, Canada; Mount Sinai
ospital, Toronto, ON, Canada; University of Toronto, Toronto, ON, Canada.
Background: Lobular neoplasia (LN) is a classification that includes atypical lobular
hyperplasia (ALH) and lobular carcinoma in situ (LCIS). Both ALH and LCIS are
Ppremalignant lesions that are impalpable and mammographically silent. Though these
ions are only found incidentally during breast tissue biopsy, LN lesions are
gnificant in terms of implication of risk to the patient in the development of invasive
‘¢arcinoma. A strong correlation between the lobular histological type and
activation of E-cadherin, a protein involved in cell adhesion, has been reported. As
‘well, mutations in the E-cadherin gene have been reported in invasive lobular
carcinoma (ILC) and LCIS with adjacent ILC. We have been investigating LN lesions,
Jacking any adjacent invasive carcinoma, for alterations in and expression of known
and novel genes/proteins with the goal of characterizing a molecular genetic profile
for lobular neoplasia. ’
Design: We have obtained 22 formalin-fixed, paraffin-embedded cases of which there
are 14 ALH lesions and 14 LCIS lesions (five cases contain both types of lesion). E-
- cadherin and beta-catenin protein expression were assessed by immunohistochemistry
(THC) and alterations in the E-cadherin gene (CDHI1) were identified using single
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strand conformation polymorphism (SSCP) and manual sequencing. Another method
of E-cadherin gene inactivation being evaluated is loss of heterozygosity (LOH) at
the 16q locus.

Results: ALH and LCIS cases able to be tested by IHC have been found to be negative
for E-cadherin (26/28) and beta-catenin (24/28) protein expression. All cases have
been screened for mutations and alterations in CDH1 have been found in the LCIS
lesions (14/14). Moreover, with only one exception, the ALH lesions were found to
harbor no CDHI alterations (13/14). LOH at the 16q locus was found to be an
infrequent event in both the ALH (1/14) and LCIS (2/14) cases. Although also
uncommon, microsatellite instability was detected in LCIS (2/14).

Conclusions: Loss of E-cadherin expression is an early event in lobular neoplasia
affecting ALH as well as LCIS. However, loss of expression is accompanied by DNA
alterations in LCIS but not in ALH. Cases.lacking both protein expression and gene
alterations suggest that another mechanism is causing the lack of protein expression.
In light of these findings, studies are in progress to evaluate other mechanisms of gene
silencing, as well as the expression status of E-cadherin associated proteins. The
completion of these analyses will provide insight into the molecular genetic profile
for lobular neoplasia.

158 C-Kit Protein Expression in Adenoid Cystic Carcinoma of the Breast
C Matte, DW Visscher, C Reynolds. Charles Lemoyne Hospital, Montreal, QC, Canada;
Mayo Clinic, Rochester, MN.

Background: C-kit protein is a membrane-bound tyrosine kinase receptor and protein
overexpression has been noted in several neoplasms. Recent reports have suggested
that c-kit protein overexpression is involved in the pathogenesis of adenoid cystic
carcinoma (ACC) of the salivary gland. However, c-kit expression has not previously
been studied in ACC of the breast.

Design: Twenty-four cases of ACC of the breast were identified in our surgical
pathology consultation files from 1994 to 2003. Formalin-fixed, paraffin-embedded
archival tissue from all cases was immunostained with a polyclonal antibody against
c-kit protein (DAKO, 1/600 dilution). Antibodies against keratin (AE1/3), smooth
muscle actin, vimentin and $100 protein were also applied to characterize these
tumors. The avidin-biotin-peroxidase complex detection method was utilized. Cases
were scored as 1+ (1-25% positive), 2+ (26-50% positive), and 3+ (>50% positive),
As controls, tissue microarrays were constructed with representative cores from 97
breast cancers and immunostained with anti-c-kit antibody.

Results: All 24 cases of ACC of the breast showed c-kit expression (3+, 6 cases; 2+,
13 cases; 1+, 5 cases). C-kit expression was associated with the epithelial component
of the ACCs (keratin positive cells), but not with the myoepithelial component (smooth
muscle actin, vimentin, $100-positive cells) Overall, the c-kit staining pattern was
identical to the keratin stammg pattern in these tumors. C-kit expressmn was rare (1/
97 breast cancers) in the control tissues.

Conclusions: C-kit protein is expressed in ACC of the breast. The staining pattern
of c-kit is distinctive and correlates with the presence of an epithelial phenotype. A
potential role for c-kit as a new therapeutic target in the treatment of patients with
metastatic ACC should be further investigated.

159 Breast Cancer Isolated Tumor Cell in Axillary Sentinel Node and
Prevalence of Additional Non Sentinel Node Metast

G Mazzarol, MG Mastropasqua, S Valentini, G Pruneri, S Andrighetto, G Viale.
European Institute of Oncology, Milan, ltaly; Schoo! of Medicine, Milan, Italy.
Background: SLN biopsy is widely accepted procedure to stage breast cancer
patients due to the high negative predictive value of the procedure.

Isolated Tumor Cell JTC) category has been introduced in the new TNM classnﬁcatlon
in the attempt not to overstage and overtreat patients with single tumor cells or small
clusters of cells not larger than 0,2 mm detected in the lymph node. Accordingly,
breast carcinoma patients are currently classified as pNO if the lymph nodes harbor
ITCs.

The risk of additional metastases in non sentinel node has not been elucidated in
patients with ITCs in the SLN, while SLNs with micrometastasis could have additional
positive axillary nodes in approximately 25% of patients.

Design: In the attempt to evaluate the predictive value of ITCs in SLN to accurately
stage small operable breast cancer patients, we collected 445 positive axillary SLNs
(114 with ITCs and 331 with micrometastases), histologically entirely exammed by
multiple leveling, with known axillary nodal status.

Results: Overall, 115/445(29%) of SLNs had metastases in the remaining axullary
nodes.

Additional metastases were found in 20/114 (17,5%) and 95/331 (29%) patients
with ITCs positive and micrometastic SLNs, respectively (p=0.0026).

Metastases larger than 2 mm in the remaining axilla were present in 58/115 (50%) of
the patients.In particular 11/20 (55%) of SLNs harboring ITCs and 47/95 (49%) of
SLNs with micrometastatic disease.

Conclusions: The detection of breast cancer ITCs in axillary SLNs is predictive of a
reduced risk of additional node metastases.

Nevertheless SLNs harboring ITCs may be associated with additional metastases
larger than 2 mm in the remaining axilla.
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871 Allelic Imbalances in Endometrial Stromal Neoplasms: A Model for
Genetic Alterations in Tumor and Microenviromental Tissues
F Moinfar, ML Kremser, YG Man, § Lax, K Zatloukal, FA Tavassoli, H Denk. Institute
of Pathology, Graz, Styria, Austria; University of Yale, New Haven, CT.
Background: Loss of heterozygosity (LOH) and microsatellite instability (MSI}
have not been previously reported on a larger number of cases with ESS.
Design: Using PCR, we examined DNA extracts from microdissected tissues of 27
uterus samples containing malignant stromal cells of ESS (20 low grade and 3 high
grade sarcomas), benign tumor cells of endometrial stromal nodules (ESN, 4 cases) as
well as tumor-free myometrial and endometrial tissues close to and at a distance to the
tumor. Epithelial cells from normal ectocervix (squamous cells) and normal stromal
cervical tissue were also microdissected. Fifteen polymorphic DNA markers were
tested to identify possible genetic alterations in different tissue components of uteri
with endometrial stromal neoplasms on chromosomes 2p, 3p, 5q, 10g, 11q, 13q, and
17p. Samples from 10 women with prolapsed uteri (elongatio coli) without any
histopathologic endometrial and myometrial abnormalities were also selected as
. external controls.
Results: While no genetic alterations (LOH, MSI) could be identified in 12 cases
(44.5%), 15 (55.5%) revealed LOH with at least one polymorphic DNA marker. LOH
were found in 3 (100%), 10 (50%), and 2 (50%) cases of high grade ESS, low grade
ESS, and benign ESN, respectively. Although LOH was found more often in the
neoplastic stromal cells, several cases showed concurrent and independent LOH in
the tumor-free myometrial or endometrial tissues either close to or at a distance from
the tumor. While the genetic alterations varied among different tumor suppressor
genes including PTEN, FHIT, WT1, and p53, the most common genetic abnormality
(LOH) was observed at the PTEN, a tumor suppressor gene located on chromosome
10g. No endometrial stromal neoplasm (ESN, ESS) was associated with MSI. The
contro! group without any abnormalities in endometrial and myometrial tissues did
not show LOH or MSL
Conclusions: The frequent occurrence of LOH and the lack of MSI indicate that loss
of function(s) of tumor suppressor genes and not missmatch repair deficiency play a
key role in the pathogenesis of endometrial stromal neoplasms. The concurrent and
independent occurrence of LOH in the stromal tumor cells and the tumor-free and
nonmal appearing myometrial and endometrial tissues strongly support the concept
of genetic alterations in microenviromental tissues and the interaction(s) between
different tissue components in the development and progression of endometrial stromal
neoplasms.

872 Chr 10 Rearra g
Histone Acetyltransferase MORF
SDP Moore, SR Herrick, T Ince, P Dal Cin, M Kleinman, CC Morton, BJ Quade.
Brigham and Women’s Hospital, Boston, MA; Harvard Medical School, Boston,
MA; Massachusetts Institute of Technology, Cambridge, MA.

Background: Benign uterine leiomyomata (UL) are the most common tumor in women
of reproductive age and the leading cause for hysterectomy in the U.S. Clonal
cytogenetic aberrations contribute to the pathobiology of 40% of UL, One recurrent
aberration in UL is rearrangement of chromosome 10 band q22. Interestingly,
rearrangements of 10g22 also have been observed in leiomyosarcoma. Such
rearrangements may alter gene expression or create new fusion genes.-

Design: We mapped chromosomal breakpoints in four UL with rearrangements of
10922 by fluorescence in situ hybridization (FISH) using either metaphase
chromosomes or interphase nuclei and human genomic clones (BACs). Mapping
results were correlated with human DNA sequence and histologic type.

Results: The chromosome 10 breakpoint in a cellular UL with t(10;17)}q22;421)
localized to the third intron of the histone acetyltransferase MORF (monocytic
Jeukemia zinc finger protein-related factor) by FISH. Based on experiments with
overlapping BACs, the breakpoint was mapped to 15 kb within this Jarge gene.
Interphase FISH analysis of three additional UL revealed disruptions in MORF in
all three cases. Two of these tumors had rearrangements between 10922 and 17q21-
22, one as a simple translocation and the other as a four-way translocation additionally
involving chromosomes 6 and 15. The other tumor had two simple translocations
involving 1022 and 4921 and 6p21 respectively. On-going experiments have mapped
the 17921 breakpoint to a 185 kb interval in at least two of the four tumors. Of note,
both tumors available for review were of a particular histological subtype, namely the
cellular variant, ’

Conclusions: MORFis a member of the histone acetyltransferase (HAT) MYST family,
named for its founding members MOZ, Ybf2/Sas3, $as2, and Tip60. Histone acetylation
is one factor controlling gene expression. MORF and the closely related MOZ gene
(monocytic leukemia zinc finger protein) previously have been found rearranged in
some types of acute myeloid leukemia (AML). This is the first instance in which
disruption of a HAT has been reported in another tumor type. {(10;17) disrupts MORF
in the N-terminal portion of the protein between a conserved domain found in histone
families 1 and 5 and PHD zinc finger domains. 1721 breakpoint mapping has
identified several candidates including GCN3L2, a gene similar to those fused to
MOZ and MORF in AML. Involvement of MORF in four UL with 10922
rearrangements suggests a role for this HAT in uterine mesenchymal neoplasia.

ts in Uterine Leiomyomata Involve the
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873 Mucinous Adenocarcinoma Arising in Rectovaginal Fistulas Associated
with Crohn’s Disease

CA Moore-Maxwell, SJ Robboy. Duke University Medical Center, Durham, NC.
Background: Crohn’s disease is a chronic inflammatory disorder characterized by
focal, transmural inflammation. Gynecologic involvement, including rectovaginal
fistula formation, is frequent. The chronic, destructive, inflammatory pathology of
Crohn’s disease predisposes to malignant transformation and progression.
Design: We examined the development of mucinous adenocarcinomas in rectovaginal
fistulas of 2 women who had long-standing histories of Crohn’s disease. Additionally,
a literature analysis of this rarely reported phenomenon revealed risk factors associated
with the malignant transformation of chronic fistulas in the setting of Crohn’s disease-
Results: Case I: A 53-year old had a 30 year history of Crohn’s disease. She reported
sporadic compliance with numerous medical therapies and had an extensive history-
of perianal fissures, cutaneovesicular, perianal and rectovaginal fistulas which had,
required numerous surgeries. Immediately prior to her malignant diagnosis, she began:

 to have increasing complaints of menopausal bleeding and chronic pelvic pain. She:

developed a foul smelling, purulent drainage from her rectum and a mucopurulent;
bloody discharge from her vagina. Physical exam showed a peri-anal sinus tract in th@i
midline of the posterior forchette. A biopsy of lesions identified in the lower and mid

vagina revealed a low-grade mucinous adenocarcinoma. &
Case 2: A 42-year old had a 15 year history of Crohn’s disease complicated b
numerous abcesses and fistulas. She experienced increasing right lower quadra ol
pain, nausea, and anorexia that was unresponsive to steroid therapy. Immediat y
prior to her malignant diagnosis she developed drainage from her vagina. Physical
examination revealed an enlarging mass involving the posterior wall of the vagi >
vault that connected to the anus by a fistula tract. A biopsy revealed a mucino
adenocarcinoma.
Conclusions: The cases reported here, along with literature analysis, support the fatf
that malignant transformation of persistent rectovaginal fistulas is a potentis
complication of Crohn’s disease. Risk factors for malignant transformation inchidl
early onset of disease, duration of disease for more than 10 years, chronic (p ]
colitis with high inflammatory activity and the persistence of chronic fistulas ani
stenosis. Although rare, malignant degeneration should be considered in ¥
differential diagnosis of chronic, nonhealing fistulas.

874 Gene Expression Assessed by cDNA Microarray Identifies N
Molecular Changes in Endometrioid Endometrial Carcinoma .

G Moreno-Bueno, R Cassia, C Sanchez-Estevez, D Hardisson, M Andujar, A Dopai§
L Lombardia, E Bussaglia, J Prat, X Matias-Guiu, J Palacios. Centro Naciona )
Investigaciones Oncologicas, Madrid, Spain; Hospital Universitario La Paz, Madel§
Spain; Hospital Marterno Infantil de Las Palmas, Las Palmas de Gran Canaria, Spa
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Hospital de 1a Santa Creu i Sant Pau, Barcelona, Spain; Hospital Arnau de Villanod
Lerida, Spain.

Background: The identification of differentially expressed genes using a ¢l
amrays in endometrioid carcinogenesis could help us to characterize new mol
pathways and their specific biological and clinical features in endome
endometrial carcinomas (EECs).

Design: We analyze different expression pattern of 24 EECs and 8 normal endo:
samples (Nes), using cDNA microarrays containing 6,386 different genes. To va
the array data obtained we analyzed the expression pattemn of selected genes W2
RT-PCR in an independent series of endometrial carcinomas (ECs). In addition,
genes were evaluated using immunohistochemistry in TMA containin
endometrial carcinomas.

Results: After supervised analysis of the microarray data, we found 86
differentially expressed with at least a two-fold between NE and EECs. Th
discriminating genes are related to a variety of different functions such as cell adh#
hormone response, extracellular matrix, and signal transduction. 37 genes wel
regulated in EECs in comparison with NE, and these included genes known
involved in the inflammatory and immune response (HLA class 11, CD74,1L2,
Among the 49 genes over-expressed in NE when compared with EECs, are inch
genes known to be hormonally regulated during the menstrual cycle and to be imp8i
in endometrial homeostasis (IGF1, IGF2, WTI). i
Conclusions: This study demonstrated the usefulness of cDNA microarray tec
for identifying differences in gene expression patterns between normal and
endometrial samples.

875  Ildentification of New Markers in Ovarian Cancer with Potential |
Diagnosis and Treatment

J-M Mosguera, C Torres-Cabala, C Chian-Gareia, C Otis, D Roberts, MJ
National Cancer Institute - NIH, Bethesda, MD.

Background: Ovarian cancer is the fifth most common cancer in women 2%
leading cause of death from genital cancer. Since no proven screening markers Ry
malignancy exist, new markers for diagnosis as well as for therapy are needed, ReE
new proteins have been identified in ovarian carcinomas through proteomi
microdissected tissue and 2D-PAGE analysis. We describe the immunohistoc
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elt proliferation,

Design: Formalin-fixed paraffin-embe
with breast cancer was analyzed by imn
antibodies against gamma-synuclei;

Results: Gamma synuclein expression waso
staining is present exclusively in neoplastii
present in epithelial or ductal cells with

cells in bemgn breast tissue. High gamma sym

33%, 24%, 14% and 5% of the metastatic, grade i '} carcinomas
respectively. High gamma synuclein expression was 3%, 27%, 18%
and 11% of Stage IV, Stage 111, Stagell and Stage I cary . Significant

correlation was observed between gamma synucleis:
tumor stage, ER, PR, Her2/neu, Ki67, DNA index, and'p53
Conclusions: Gamma synuclein is expressed exclusively
epithelium; its expression being restricted to only myoepnhelxal <ells in benign
breast Expression is more frequent in high grade lesions and:advanced stage breast
cancers. Expression also correlates with poor prognostic:breast-histopathologic
prognostic/predictor markers. Thus, gamma synuclein is an ideal marker for follow up
_of advanced stage and grade tumors. Since gamma synuclein occurs only in
myoepithelial cells in benign breast, its expression in neoplasnc breast may indicate
a basal high grade phenotype.

tumor grade,

152 Unsupervised Hierarchical Clustering Analysis of Immunostaining Data
Identifies Prognostically Relevant Subgroups of Breast Cancer Patients

N Makretsov, C Bajdik, DG Huntsman, E Yorida, M Peacock, M Cheang, K Gelmon,
T Nielsen, M Hayes, CB Gilks. Genetic Pathology Evaluation Centre, Vancouver
General Hospital and University of BC, Vancouver, Canada; Cancer Control Research
Program, BC Cancer Agency, Vancouver, Canada; BC Cancer Agency, Vancouver,
Canada.

Background: Numerous prognostic markers have been identified for breast cancer
but the optimal analytical approach to using these data is uncertain. We applied
unsupervised hieararchial clustering analysis to immunohistochemical data in an
attempt to group breast cancers according to patterns of expression of multiple
biomarkers, independent of conventional histopathological and clinical parameters.
Design: Tissue microarrays from 438 breast cancer specimens seen at Vancouver General
Hospital between 1974 and 1991 were used. 34 biomarkers were assessed by
immunohistochemistry: ER, PR, Her2, p53, E2F1, NTRK3, Clusterin, Survivin,
Relaxin, Chromogranin A, Synaptophysin, NSE, CD3, CD10, CD20, CD43, CD 68,
CD117, AKT3, CA9, IGFIR, IGF1, Ki67, Cyclin E, E-cadherin, GFI-1, HSP27, HD3,
EphA2, Osteoprotegerin, Podocalyxin, YB1, ILK and PTEN. Patient survival was
determined and univariate analyses were used to identify markers predictive of disease
specific survival (DSS). Unsupervised hierarchial clustering analysis was used to
group tumors and immunostains, and log-rank test was used to assess differences in
DSS between these cluster groups.

Results: Of 34 biomarkers tested, 15 showed prognostic significance in univariate
analyses (p=<0.05) and 6 others approached significance (p<0.2). Unsupervised
hierarchial clustering analysis with these 21 markers distinguished 2 principal groups
(cluster groups), with significantly different DSS (p=0.0001). Sequential removal of
least significant biomarkers from the clustering analysis showed that it was possible
to group patients based on only ER, PR, Her2, p53, Clusterin, CD10, CD117, CAS9,
Ki67 and Podocalyxin. The 2 cluster groups identified using this reduced panel of
immunomarkers had significantly different DSS (p=0.0001). The first cluster group
was associated with a high proportion of ER, PR and stromal CD117 positive tumors.
The second cluster group showed lower expression of these markers and a higher
proportion of p53, Her2, CA9, Ki67 and Podocalyxin positive cancers.

" Conclusions: Unsupervised hierarchial clustering analysis of immunostaining data
identified prognostically relevant cluster groups of breast cancer cases. This approach
allows consideration of multiple markers simultaneously, rather than independently,
as is currently done, We developed a novel approach for defining the minimal number
of markers necessary to optimally define prognostically significant cluster groups.

153 A Fluorescence In Situ Hybridization Study of ETV6-NTRK3 Fusion Gene
in Secretory Breast Carcinoma

N Makretsov, M He, PHB Sorensen, M Hayes, S Chia, DG Huntsman. Genetic
Pathology Evatuation Centre of the University of BC, Vancouver, BC, Canada; British
Columbia Research Institute for Children and Women Health, Vancouver, BC, Canada;
BC Cancer Agency, Vancouver, BC, Canada.

Background: Recurrent chromosomal abnormalities are not common events in breast
cancer. The translocation t(12;15)(p13:q25) fuses the E7V6 and NTRK3 genes. The
biological consequence of this translocation is the expression of a chimeric protein
tyrosine kinase with potent transforming activity. This fusion gene was initially
described in spindle cell pediatric malignancies (congenital fibrosarcoma and
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mesoblastic nephroma) and bas been recently detected in secretory breast carcinoma
(SBC). Both the rarity of, and lack of stringent diagnostic criteria for SBC’s have
impeded the determination of the clincal relevance of tlis subtype of breast carcinoma;
this is a particular issue for non juvenile cases.

Design: We developed multiple complementary probe sets (both split apart and fusion
probes) for the detection of the t(12;15)(p13;425) by {luorescent in situ hybridization
(FISH) in paraffin embedded formalin fixed tissue sections. We then used FISH on
tissue microarrays (TMAs) to screen 481 cases of formalin fixed, paraffin embedded
tissues of female invasive breast carcinoma of various histological subtypes and
tested four additional histologically confirmed cases of SBC for the presence of the
ETV6-NTRK3 gene fusion.

Results: 202 of 48] cases in the TMAs gave signals of sufficient quality for screening
by FISH. Of these only one case showed fusion signals in the majority of tumor cells.
Upon whole section H&E slide review, SBC histology was confirmed in this case.
On the other hand, none of the fusion-negative breast cancers showed classical SBC
histology. Three of the four additional cases of classical SBC revealed fusion signals.
In all cases the results from fusion and split apart FISH assay for the ETV6-NTRK3
fusion gene were concordant. The fusion negative case had a high mitotic index, an
unusual feature for SBS’s.

Conclusions: Our data confirm that presence of the ETV6-NTRK3 fusion gene is a
consistent and specific finding in secretory breast zancer. This multi-probe FISH
approach described could be used both for clincal cases and for retrospective studies
designed to determine the clinical behavior of SBC.

154 Differential Expression of Non-Structure Restricted Proteins in

Mammary Myoepithelial Cells: A Programmed or Induced Phenomenon?

YG Man, R Barner, R Vang, DT Wheeler, CY Liang, TN Vinh, GL Bratthauer, BL
Strauss. Armed Forces Institute of Pathology and American Registry of Pathology,
Washington, DC.

Background: Recent studies have shown that mammary myoepithelial (ME) cells
exclusively or preferentially express 5 non-structure restricted proteins (p-cadherin,
Maspin, WT-1, CD10, and p63), in addition to 3 structure restricted proteins. This
study attempts to assess if these non-structure restricted proteins are uniformly or
differentially expressed among ME cells, and if the expression of these proteins impact
the expression of estrogen receptor (ER) and p27 in adjacent epithelial (EP) cells.
Design: Consecutive sections at 3-4 um thickness were made from 25 breast tumors
with co-existing normal, hyperplastic, and in situ neoplastic cells. A set of 3 sections
from each case were double immunostained with a combination of a nuclear (p63 and
WT-1) and a cytoplasmic protein (maspin, CD10, and p-cadherin) and the same ME
cells that are clearly identifiable at all 3 sections was assessed for expression of these
proteins. To study the impact of the expression of these proteins on adjacent EP cells,
sections were double immunostained for each of these proteins plus ER or p27.
Results: These non-structure restricted proteins were differentially expressed among
ME cells. ME cells associated with normal ducts showed the highest expression of
these proteins, and most cells contained 3-4 or all these proteins. The expression of
these proteins decreased with the increase of tumor histologic grades. However, a
loss of the expression of these proteins was also seen in a subset or the entire ME cell
layer of normal and hyperplastic ducts. A focal loss of these proteins in a given duct
was generally accompanied by the loss of p27 and ER expression in adjacent EP
cells, whereas EP cells within the same duct but away from the altered ME layers
showed distinct p27 and ER expression,

Conclusions: These findings suggest that the expression of non-structure restricted
proteins in ME cells is induced or regulated by reciprocal interactions between ME
and adjacent EP cells.

Ackmowledment: Supported in part by grants DAMD17-01-1-0129 and DAMD17-
01-1-0130 from Congressionally Directed Medical Research Programs to Yan-gao
Man, MD., PhD.

155 Cell Clusters Overlying Focally Disrupted Myoepithelial Cell Layers and
Their Adjacent Counterparts within the Same Duct Display a Different Pattern of
mRNA Expression

YG Man, X Zeng, T Shen, R Vang, R Barner, DT Wheeler, TN Vinh, CY Liang, BL
Strauss. Armed Forces Institute of Pathology and American Registry of Pathology,
Washington, DC; SuperArray Bioscience Corporation, Frederick, MD; Temple

. University, Philadelphia, PA.

Background: Our previous studies found that a subset of mammary ductal carcinoma
in situ (DCIS) contained focally disrupted myoepithelial (ME) cell layers that were
exclusively overlain by clusters of cells with a total Toss of estrogen receptor (ER)
expression, These ER (-) clusters displayed a substantially higher rate of loss of
heterozygosity and proliferation than their adjacent ER (+) counterparts within the
same duct (Man et al. Breast Cancer Res, in press). This study attempted to assess
whether these cells also have a unique pattern of mRNA expression.

Design: Frozen breast tissues of 7 DCIS with focally disrupted ME cell layers were
retrieved from our tissue bank, and 20 consecutive sections were prepared from each
case. Sections 1, 10, and 20 were double immunostained for smooth muscle actin and
ER, to identify ME cell layer disruptions and overlying ER (-) clusters, wtiile the
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Bcl-2 (antiapoptotic factors) significantly (p<0.05) suppressed cell
wth. Conclusions: PDTC is a potent inducer of apoptosis in human
tate cancer cells and an inhibitor of androgen action by reducing
fivin protein and reversing the stimulatory effects of androgen on
hibitors of apoptosis. These antiandrogen-like effects of PDTC may
tribute to the paradoxical augmentation of apoptosis induced in human
pstate cancer cells treated with both T and PDTC. These results support
» use of antioxidants for chemoprevention and chemotherapy of prostate
er. We have no conflicts of interest with companies or products.

3, (oral session 898)
e marrow derived osteoprogenitor cells can afford
osteogenic ability to radiated bone

ofishita MDY, Y Touma MD*, H Ohgushi Mp®, K Honoki MD?,
‘Miyauchi Mp*, S Miura MD*, A Kido Mp*, K Yoshitani MD*, Y
kakura MD*

xia Medical Umversto' Department Orthopedic Surgery Shijo-cho 840,
hara, Nara, Japan, b, morito@naramed-u.ac.jp

We attempted to confirm whether bone marrow derived
oprogenitor cells can afford osteogenic ability to radiated bones which
their osteogenic potential by irradiation. METHODS: Fischer 344 male
‘were used. Bone marrow cells were collected from seven-week-old
her 344 rats and expanded ex vivo. After one week primary culture,
osteogemc progenitor cells were collected by trypsine treatment and
cell suspension were made for bone and cell composites. Bones were
ted from iliac bones and prepared by 60Gy irradiation. Then, radiated
gecs were soaked in the marrow-cell suspension for thirty minutes,
imately. Thereafter radiated bones with/without osteoprogenitor
and bones without any treatments were transplanted into subcutaneous
‘After four and eight weeks samples were collected and prepared
hstologxcal findings. RESULTS: We found osteoblasts in some lacunae
adiated bones with cells four weeks after implantation. Newly formed
“surrounded by osteoblast and chondrogenic area were found in
d bones with cells eight weeks after implantation. However, empty
ge only were found in bones without cells. CONCLUSION: We
ed the bone marrow derived cells can afford osteogenic ability to
radiated bones by histological assessment. There are no conflict of interest.

" (oral session 898)
Phospholipids reduce adhesions of rodent colonic and human
tric cancer cells to extrcellular matrix components in

ansen MD*, KH Treutner MD*, P Lynen-Jansen MD®, B Schmitz?,
etze MD®, V Schumpelick prof®

Wepartment of Surgery, University Clinic, Pauwelsstr. 30, Aachen,
nany, bInterdisciplinary Center of Clinical Research, Biomat, Aachen,
mny, “Institute of Pathology, University Clinic, Pauwelsstr. 30, Aachen,
any, mjansen@ukaachen.de

Nidation of floating tumor cells initiates peritoneal carcinosis and
prognosis of gastrointestinal tumors. Adhesion of tumour cells to
acellular matrix components is a pivotal step in developing peritoneal
Wessemination of intraabdominal malignancies. Since phospholipids
ficaciously prevented peritoneal adhesion formation in numerous animal
stndies we investigated their capacity to reduce adhesions of colonic and
gastric cancer cells to extracellular matrix components. Methods: Cells
from colonic adenocarcinoma induced in syngenic BD-IX rats (DHD/
K12/TRb, European Collection of Animal Cell Cultures, ecacc, Salisbury,
UK) and human gastric cancer cells (NUGC-4, Japanese Cancer Research
Resources Bank, Tokyo, Japan) were used in this study. Microtiter plates
were coated with collagen IV (coll), laminin (In) and fibronectin (fn).
Nonspecific protein binding of the coated wells was blocked by adding 1%
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'wiv) BSA (4°C, 12h) and rinsing the wells with Hepes buffer. According

2004

to dilution series, 30,000 - 70,000 tumor cells in 100 pl medium were
seeded into each well. Beside the controls, phospholipids were added in
concentrations of 0.05, 0.1, 0.5, 0.75, 1.0, and !.5 mg / 100 pl medium
After the incubation time of 30 min, attached cells were fixed and stained
with 0.1% (w/v) crystal violet The dye was resuspended with 50 ul of 0.2%
(v/v) Triton X-100 per well and colour yields were then measured in an
ELISA reader at 590 nm. Optical density (OD) showed a linear relationship
to the amount of cells and was corrected for dying of BSA/polystyrene
without cells. Results: The controls revealed a significant increase of
adhesions of both cell lines to the extracellular matrix components. The
attachment of colonic and gastric cancer cells to collagen IV, laminin,
and fibronectin could be significantly reduced up to 53% by phospholipid
concentrations of 0.5 mg/ul and higher (ANOVA, p-level adhjusted to
Bonferroni). Conclusion: These results within the scope of additional
experimental studies on mice and rats which showed a significant reduction
of peritoneal carcinosis demonstrated the capacity of phospholipids in
controlling abdominal nidation of tumor cells. Lipid emulsions may be a
beneficial adjunct in surgery of gastrointestinal malignancies. The work was
supported by Fresenius Kabi, Bad Homburg, Germany.
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Focal prostate basal cell layer disruptions and leukocyte
infiltration are correlated events: Implications for basal call
layer degradation and tumor invasion

YG Man mp php*, T Shen MD PhD®, YG Zhao MD Php*, QX Sang
PhD*®

“Department of Gynecologic and Breast Pathology, Armed Forces
Institute of Pathology, Washington, DC, United States, *Department .of
Pathology, Temple University Medical School, Philadelphia, P4, United
States, *Department of Chemistry and Biochemistry, Florida University,
Tallahassee, FL, United States, man@afip.osd.mil

AIM: The normal human prostate epithelium is physically separated.- from
the stroma by both the basal cell layer and basement membrane. Due to
this structural feature, the disruption of both basal cell layer and basement
membrane is an absolute pre-requisite for tumor invasion and metastasis.
The disruption of the basement membrane is believed to result from an
elevated production of proteolytic enzymes by the tumor and/or stromal
cells, while the mechanism for basal cell layer disruptions is elusive. In
a previous study, we identified a subset of mammary ductal carcinoma in
situ that contained focal myoepithelial (ME) cell layer disruptions, and
that over 97% of these focal disruptions were immediately subjacent to
leukocytes (Yousefi et al. AIMM, In press), suggesting that focal leukocyte
infiltration may play direct or indirect roles in ME disruptions. As the basal
cells are believed to be equivalent to the ME cells, this study attempts
to assess whether a similar event occurs in prostate tumors. METHODS:
Consecutive sections were prepared from 16 patients with prostate tumors
containing simultaneous normal, prostatic intraepithelial neoplasia, and
organ-confined carcinoma. Two immediate adjacent sections from each
case were double immunostained, one for cytokeratin (CK) 34 betaBi2
plus leukocyte common antigen, the other for CK 34 betaE12 plus Ki-67.
Acini and ducts lined by over 40 epithelial cells were examined for a focal
basal layer disruption, defined as the absence of basal cells resulting in
a gap equal to or greater than the combined size of 3 basal or epithelial
cells. RESULTS: Focal basal cell layer disruption was found in all cases,
while the frequency among cases varied from less than 5% to over 15% of
the acini and ducts examined. Focal leukocyte infiltration was seen in over
90% of the acini and ducts with focally disrupted basal cell layers, while in
only about 30% of the acini and ducts without basal cell layer disruptions
(p <0.01). A vast majority of the proliferating (Ki-67 positive) cells
were located at or near the basal cell layer disruptions. Also, clusters
of multiple proliferating cells were frequently seen in acini and ducts
with leukocyte infiltration, while were barely detectable in acini and
ducts without focal leukocyte infiltration. CONCLUSIONS: These findings
suggest that leukocytes may play direct roles in basal cell layer disruptions
and tumor invasion. Supported in part by DOD grants DAMDI7-01-1-0129
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and DAMD17-01-1-0130 to YGM and DOD grant DAMA17-02-1-0238, NIH grart
CA78646, American Cancer Society grant FO1FSU-1 to QXS and YGZ
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Factors affecting ALCAM/ CD166 expression in breast cancer

A Jezierska®, WP Olszewski Mp®, J Pietruszkiewicz MD", WT
Olszewski MD%, T Motyl Ds*

“Department of Physiological Sciences, Faculty of Veterinary Medicine,
Warsaw Agricultural University, Warsaw, Poland, *The Maria Sklodowska-
Curie Memorial Cancer Center and Institute of Oncology, Warsaw, Poland,
agnieszkajezierska@poczia.onet.pl '

Activated Leukocyte Cell Adhesion Molecule (ALCAM/CDI66) is
expressed in different kinds of normal and neoplastic tissues. The data on
tissue distribution of ALCAM suggest that this protein is involved in a
tumour progression and metastasis (e.g. malignant melanoma or prostate
cancer). The lack of any data on expression of ALCAM in breast cancer
prompted us to undertake the study on involvement of this adhesion
molecule in tumour progression and metastases. The relationship between
expression ALCAM and expression of estrogen (ER), progesterone
(PgR) and cerb-B2 receptors, alpha-catenin, E-cadherin and MMP2 in
breast tissue was investigated. The influence of factors affecting breast
cancer cell proliferation and survival (17-beta-estradiol, tamoxifen, BCL-2
overexpression and camptothecin) on ALCAM expression and subceliular
localization was also examined. Observations were performed on 50 breast
cancer cases and breast cancer cell lines: MCF-7 and MDA-MB-231. As
a reference cell line HBL-100 was used. Laser scanning cytometry was
applied for evaluation of ALCAM and other examined proteins expression.
Confocal microscopy was used for the study of coalescence of ALCAM and
alpha-catenin, E-cadherin and MMP2. Results of the study revealed that
expression of ALCAM/CD166 is higher in ER and PgR positive tumours.
Stimulatory effect of 17-beta estradiol on expression of ALCAM was
shown in estrogen-dependent MCF-7 cells. On the other hand antiestrogen
- tamoxifen diminished ALCAM expression. There was no relationship
between expression of cerb-B2 receptors and ALCAM in examined breast
cancer tissue sections. A high expression of ALCAM in breast cancer
tissue was accompanied by a high expression of alpha-catenin, In breast
cancers without metastasis (NO) the ratio of ALCAM to MMP2 expression
was usually higher then in metastatic tumours (N1-N4). Apoptosis of
breast cancer MCE-7 and MDA-MB-231 cells induced by camptothecin or
tamoxifen was associated with formation of large clusters and degradation
of ALCAM. Surviving subpopulations of breast cancer cells expressed
more ALCAM/CD166, which may indicate its protective effect against
apoptotic stimuli. Overexpression of antiapoptotic protein BCL-2 in MCF-7
breast cancer cell lines was accompanied by an increase of ALCAM
and decrease of MMP2 expression. In contrast to MCF-7 and MDA-
MB-231 breast cancer cells the expression of ALCAM/ in normal breast
HBL-100 cells was very low. The following conclusions have been drawn:
1) expression of ALCAM/CD166 is dependent on steroid sex hormones; 2)
high expression of ALCAM/CD166 promotes breast cancer cells survival:
3) ALCAM/CD166:MMP2 ratio could be an index of tumour metastatic
potential.
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Bombesin increases the expression of c-Met in epithelium
and of hepatocyte growth factor in fibroblasts

Y-S Guo MD, J Chang MD, CM Townsend MD, MR Hellmich PhD 3
Department of Surgery, The University of Texas Medical Branch, Galveston,
TX, United States, yguo@utmb.edu

Gastrin-releasing peptide (GRP) and its cognate receptor (GRP-R) are
aberrantly overexpressed in several cancers, such as colorectal, prostate

and lung cancers. Bombesin (BBS), a homolog of GRP, has been sh(?wn
to be a mitogen in several cell types. We have reported that BBS is a
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 eLaboratoire de Biogénotoxicologie et Mutagenése Envimnnementalé, E
" Faculté de Médecine, Marseille, France, *Cell Pharmacology department,

| showed that L-ergothioneine decreased UVA-induced single strand b:

J .-Biol Chem 276:22941, 2001). In addition, we recently found that
functional GRP-R receptor exists in primary cultures of epithelium and
fibroblasts from collagenase-dissociated human colon tumors, suggesting
the possibility that BBS may induce stroma-epithelium interaction through
stimulating some gene expression in both cell types. Hepatocyte growth
factor (HGF) is a potent mitogenic and motogenic stimulator in normal and
neoplastic cells and is produced mainly by fibroblasts; whereas its cognate
receptor, c-Met, is expressed in epithelium, To date, whether BBS affects
the expression of HGF and c-Met has not been reported, AIM. The purpose
of this study is to determine the effect of BBS on the expression of HGF
gene in 3T3-L1 fibroblasts and the c-Met gene in MC-26 mouse colon
cancer cells. METHODS. 3T3-L1 and MC-26 cells were treated with or
without BBS (10 nM) in serum-free conditions. Protein levels of HGF
and c-Met were determined by Western blotting. The HGF mRNA was
examined by cDNA microarray. The c-Met promoter activity was evaluated
by transfection with c-Met promoter coupled to a luciferase reported gene
and then examined by luciferase assay. RESULTS. BBS increased [Ca2+]i
mobilization in both cell lines, indicating the presence of functional GRP-R.
BBS treatment significantly increased the level of HGF mRNA and induced
a time-dependent increase of HGF protein in 3T3-L1 cells. In MC-26
cells, BBS increased tyrosine phosphorylation and protein levels of c-Met
as well as c-Met promoter activity. CONCLUSIONS. BBS stimulated
the expression of HGF mRNA and protein in 3T3-L1 fibroblasts and
transactivated c-Met, as well as increased c-Met protein levels and promoter
activity in MC-26 cells. These data suggest that in colon cancer, GRP-R
may play a role in tumor progression through the establishment ofa
paracrine growth loop between epithelial and stromal cells.
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18 (poster session 898)
DNA repair efficacy of photolyase (Photosome®) in human
keratinocytes after UVB irradiation using the comet assay

L Decome PrD*, MP De Méo pho*, C Robert prDP, O Doucet PhD®,
A Botta p* 3

e

Coty Beauty Research and development  Center, ~ Monaco,
michel.demeo@pharmacie.univ-mrs.fr

Aim. The aim of the present study was to evalvate the DNA repai
efficacy of photolyase on human keratinocytes after a single dose of UV
irradiation using the comet assay. Methods. Keratinocytes primary cultures
were incubated with photolyase (Photosome?®, 0.5%) and L-ergothionein
(4 mM) then cells were harvested and comet slides were prepared. Then,
the slides were irradiated with 0.06 J/cm® UVB. A second UVA irradial
(1.2 Jcm?) was performed to activate the photolyase enzyme and
slides were incubated for 60 min at 37 °C in humidified chamber. Finall
the slides were immersed in cold lysing solution. After lysis, slides W
incubated with SDS-Proteinase K (0.5%:0.1mg/mi) for 60 min at 37°Ct
were washed with enzymatic buffer before treatment with T4 endonucl
V (T4NV, 75 ng) for 30 min at 37 °C in humidified chamber. Slides

allowed to unwind for 20 min and electrophoresis was performed with
additional period of 20 min. DNA single strand breaks were quantified u
an image analysis system. The Tail moment y* values were compared v
Dunnet’s test. Results. In order to photoactive photolyase (Photosom
cells were irradiated with 1.2 Jem? UVA after UVB irradiation. How
UVA induced DNA single strand breaks immediately after irradi
via the production of reactive oxygen species. Preliminary experim

in dose-dependent manner. For an optimal antioxidant protection g
UVA irradiation, L-ergothioneine was used ata concentration of 4
culture medium for 30 min of incubation at 37°C prior UVB irrad
If pyrimidine dimers were not repaired by photolyase, damaged
were blocked and T4 endonuclease V could not repair the p i
dimers sites. A SDS-Proteinase K treatment step was included to
TANV action by the release ‘of unrepaired pyrimidine dimers sitesy
this additional treatment, the number of DNA single strand breals

potent stimulator of COX-2 gene expression in intestinal epithelial cells

S-562 2004




data set (pancreatic adenocarcinoma, PanINIII-Family X and normal

ent) using a web based tool developed by Jim Lyons-Weiler, Ph.D.
he University of Pittsburgh. The most similarity was found between
normal adjacent tissue and the pancreatic cancers. At least 50% of the
that show the greatest differential expression are identical in both
¢ cancer and the nommal adjacent lists although the rank ordering of
mificance varies somewhat between the two lists. Genes under expressed
g both the cancer and normal adjacent list include regenerating islet-
erived 1 alpha, period (Drosophilia) homolog 1, RNA binding motif,
igle stranded interacting protein, an EST similar to pancreatitis associated
protein and eukaryotic translation elongation factor 2. When we expanded
our - comparisons to the PanIN III tissue from Family X, we found a subset
genes that were significantly over expressed in all 3 data sets, including
fibosomal protein $27a, nucleolin, villin 1 and KIAA 1705. Conclusions:
Mormal adjacent tissue appears to contain many gene expression changes
indicative of the neighboring cancer, indicating that normal adjacent cancer
s NOT normal. Some of these same changes occur early in preneoplastic
tissues. Genes with the same significant pattern of differential expression
in cancer, and in preneoplastic tissues such as normal adjacent and in
PanINIII tissues represent possible biomarkers for pancreatic cancer.

149 (poster session 892)
~Increasing BP1 expression correlates with progression and
‘Invasion of male breast and prostate tumors

YG Man Mp php, BL Strauss MD piD, PE Berg PhD

Department of Gynecologic and Breast Pathology, Armed Forces Institute of
Pathology und George Washington University Medical Center, Washington,
DC, United States, man@afip.osd.mil

AIM: BP1 is 2 member of the homeobox gene superfamily of transcription
factors that are essential for early development. Our recent studies,
however, had revealed that the BP1 gene was activated in 80% of female
breast infiltrating ductal carcinoma (IDC), while was silent in the adjacent
normal cells and in a vast majority of normal controls (Fu et al. Breast
Cancer Research 5:82-87, 2003). BP1 expression was significantly higher
in estrogen receptor (ER) negative than in ER positive tumors, 100% versus
73%, (p = 0.03), and in African American than in Caucasian women, 89%
versus 57%, (p = 0.04), suggesting that BP1 expression is subject to the
influences of the race and ER status. This study attempts to elucidate the
expression profile of BP1 in male breast and prostate tamor cells, which are
regulated mainly by androgen, to assess whether the expression of BP1 is
also subject to influences of hormone types and sex. METHODS: Sections
of male breast (n=20) and prostate (n=16) tumors with simultaneous
normal, non-invasive, and invasive components, along with reduction
mammoplasties (n=34) were immunostained with a polyclonal antibody
to BPI utilizing the ABC method. The frequency and pattern of
BP1 immunostaining among cases and among cell types were semi-
quantitatively compared. RESULTS: Almost all (>95%) the cells in
reduction mammoplasties were devoid of distinct BP1 immunostaining.
Distinct BP1 immunostaining was seen in a subset of epithelial cells in both
male breast and prostate tissues. The frequency of BP1 expression and the
number of BP1 positive cells in both breast and prostate tumors appeared
to be linearly increased with the advance of the tumor stages. In tissues
contained simultaneous normal, non-invasive, and invasive components,
the invasive cells generally displayed the highest intensity of BP1 staining,
followed by the non-invasive tumor cells. These findings are comparable
to those seen in female breast tumors (Berg et al. Unpublished data).
CONCLUSIONS: These findings suggest that BP1 might be an important
bio-molecule that is required by multiple types of tumor cells for activation
and/or sustainment of invasion. Supported by NIH grant CA91149 (PEB)and
DOD grants DAMD17-01-1-0129 and DAMDI17-01-1-0130 (YGM). Corresponding
author: PE Berg, PhD.
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HDAC6 mRNA expression is correlated with better prognosis
in breast cancer

H Iwase MD PhD*, H Yamashita MD phD*, T Toyama MD Pho*, H
Sugiura Mp*, Z Zhang MD*, S Hayashi Php®

“Nagoya City University Graduate School of Medical Sciences, Nagoya,
Japan, *Division of Endocrinology, Saifama Cancer Center Research
Institute, Saitama, Japan, h.iwase@med.nagoya-cu.ac.jp

AIM: Gene expression patterns using microarray in MCF-7 cells showed
that histone actylase 6 (HDAC6) gene was one of the early-responsive
estrogen-induced genes (J Molecular Endocrinology, 29, 2002). This led us
to hypothesize that there was a link between levels of HDAC6 expression
and the hormone dependent potential of breast cancer. METHOD: In the
present study, the level of HDAC6 mRNA expression was analyzed using
quantitative real-time RT-PCR in158 patients with invasive breast cancer
and the protein expressions were also determined by immunohistochemistry.
RESULTS: HDAC6 mRNA was expressed at significantly higher levels in
breast cancer patients with small tumors measurmg less than 2 cm, with
non-high histological grade of the tumor, and in estrogen receptor (ER)
a and progesterone receptor (PgR) positive tumors. Patients expressing
high levels of HDAC6 mRNA have a statistically better prognosis than
those expressing low levels. Furthermore, the patients with high levels
of HDAC6 mRNA tended to be more responsible to endocrine treatment
than those with low levels. Specific staining was found in the nucleus of
some normal epithelial cells and in the cytoplasm of the majority of cancer
cells. However, no relationship was found between HDAC6 cytoplasmic
expression and any clinicopathologic factors or survival. CONCLUSION:
We conclude that the expression levels of HDAC6 mRNA could have
potential both as a prognostic marker and as a predictive marker for
endocrine treatment in breast cancer.

1 5 1 (poster session 892)

Identification of risk markers in Acute Lymphoblastic-
Leukemia.
D Khurana Bs®, J Qiu MS MD®, P Gunaratne php", JF Margolm MD”‘_ -

MC Gingras php* :
“Department of Molecular and Human Genetics, Baylor College of
Medicine, Human Genome Sequencing Center, Houston, Texas, United
States, *Department of Pediatrics, Baylor College of Medicine, Texas
Childrens  Cancer Center,  Houston, Texas, United States,
mcgingra@texaschildrenshospital.org

BACKGROUND: There are large differences in outcomes between adult
and pediatric patients with Acute Lymphoblastic Leukemia (ALL), as

well as between pediatric ALL patients with different chromosomal
translocation. These differences are obvious among clinical risk groups.
In the lowest risk groups, pediatric patients are cured at a rate of 80-90%
but only 50% of adult patients are cured. In higher risk categories,
approximately 60% of children but only 10% of adults are cured. We
hypothesize that the genes differentially expressed in adult versus
pediatric and in lower- versus higher-risk pediatric ALL are involved in
mechanisms of drug resistance or drug responsiveness. AIM: Identify risk-
associated genes that might control response to treatment. METHODS:
We used an integrated approach to facilitate gene expression profiling
that combines suppression subtractive hybridization (SSH), concatenated
¢DNA sequencing (CCS), and quantitative real-time RT-PCR (QR-RT-
PCR). We have generated specific high-risk and low-risk ALL gene
expression profiles by subtracting pools of cDNA from adult and pediatric
t(9;22) ALL against each other. To investigate the risk associated value
of these genes, we have measured the expression level of these genes the
diagnostic samples for a cohort of 51 ALL patients. The patient distribution
included 18 low-risk ALL patients {hyperdiploid and t(12;21)] and 33 high-
risk ALL [adult and pediatric t(9;22), pediatric t(1;19) and t(4;11), and
adult and pediatric patients with elevated white blood cell count but none of
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clear hTERT immunoreactivity seems to be an early event in serous
arian neoplasia; nuclear and cytoplasmic staining may indicate poor
ome. In contrast, c-kit immunoreactivity is restricted to SCA, related
vith high tumor grade and stage, but not related with outcome in this

282 (oral session 797)

Morphologically similar normal and hyperblastic mammary
ductal cells associated with and without malignant lesions
ave a different immunohistochemical profile

YG Man MD phD, PE Berg PhD, R Barner Mp, TN Vinh Mp, DT
‘Wheeler Mp, CY Liang MD, BL Strauss MD

. Department of Gynecologic and Breast Pathology, Armed Forces Institute of
athology and George Washington University Medical Center, Washington,
DC, United States, man@afip.osd.mil

AIM: Our previous studies revealed that a subset of morphologically normal

and hyperplastic mammary ductal cells in tissues of ductal carcinoma
in situ (DCIS) shared several malignant features with their malignant
counterparts (Man et al. Breast Cancer Res 5: R231-241, 2003). This
study attempts to assess whether these cells are immunohistochemically
different from normal and hyperplastic cells that are not associated with
malignant lesions. METHODS: Consecutive sections at 4-5 um thickness
were prepared from reduction mammoplasties with no cancer history,
no mammographic and histological abnormalities, from regular ductal
hyperplasia, and from DCIS (n=30 for each category) with simultaneous
normal, hyperplastic, and neoplastic components. Sections were double
immunostained for smooth muscle actin and Ki-67, plus a panel of markers
that are reported to be exclusively or preferentially present in malignant
cells. The structural integrity of the myoepithlial (ME) cell layers, the cell
proliferation rate, and the expression status of those markers among cases
were compared. RESULTS: Compared to their morphologically similar
counterparts in reduction mammoplasties and regular ductal hyperplasia,
clusters of non-malignant cells in nearly half of the DCIS cases displayed
several unique features, which were shared by the malignant lesions:
[1] A significantly higher frequency of focal ME cell layer disruptions;
[2] A significantly higher rate of cell proliferation; [3] A significantly
higher leve! of BP1 expression; [4] Over-expression of p53 and/or c-erb
B2. These cell clusters were generally adjacent, while some were at a
distance, to the malignant lesions. These cell clusters were architecturally
and morphologically distinct from the malignant cells, whereas they were
indistinguishable from the adjacent non-malignant cells in H & E stained
sections. CONCLUSIONS: A subset of normal and hyperplastic ductal
cells associated with malignant lesions might belong to a not yet defined
malignant cell population. Supported by DOD grants DAMD17-01-1-0129 and
DAMDI17-01-1-0130 (YGM) and NIH grant CA91149 (PEB).

283 (oral session 797)

Cytotoxic effects of fumonisin B, on the ultrastructure of a
human oesophageal carcinoma cell line - an in vitro study

4 RB Myburg MMs, N Singh MMS, AA Chuturgoon PhD

T T PR TSRy

Mycotoxin Research Unit, Nelson R Mandela School of Medicine, Faculty
of Health Sciences, University of Natal, Congella, Durban, South Africa,
chutur@nu.ac.za

AIM: To determine the ultrastructural pathological effects of fumonisin
Bl (FB!) on a squamous cell carcinoma cell line using transmission
electron microscopy (TEM) and scanning electron microscopy (SEM).
In addition, metabolised FB! was immunochemically probed using a
monoclonal antibody. METHODS: The SNO epithelial cells were grown
to confluency in culture medium supplemented with 5% foetal calf serum,
1% L-glutamine and 1% penstrep fungizone. The cells were then treated
with FB1 at concentrations of 1 pM, 2 pM, 4uM, 8uM and 16pM for 24
hrs. Control cells received no toxin treatment, After 24 hrs, the flasks were

2004

Cancer Detection and Prevention

washed with Hank's balanced salt solution and the cells were fixed in 1%
glutaraldehyde for TEM and immunocytochemistry (ICC). Sections were
cut and viewed (ultrastructure and immunolocalisation) using a JEOL:
JEM 100S electron microscope. A monoclonal FB1 antibody was used to
probe for metabolised toxin. SEM was accomplished using a Hitachi $520
scanning electron microscope. RESULTS: The toxin treated SNO cells
displayed marked pathological changes which included plasma membrane
damage, swelling or microsegregation of the nucleus, microsegregation of
the nucleolus and swelling and elongation of mitochondria. These cytotoxic
effects were attributed to FBI, since FBI was actively metabolised
as evidenced by immunolocalised FB1 in the SNO cells. The results
also indicate the FB1 preferentially targets membranes, the nucleus and
mitochondria of cells. CONCLUSIONS: The cellular pathology observed
suggests that the mitochondria, the nucleus and nucleolus are important in
oesophageal carcinogenesis. The high levels of FB1 label found in these
organelles show that ultrastructural alterations are due to this toxin and that
FBI1 may exert its carcinogenic effect through covalent binding directly to
these organelles.

284 {oral session 797)
Mitochondrial DNA damage in non-melanoma skin cancer

MA Birch-Machin*, SE Durham®, K Krishnan®, J Maki®, R Part®,
RE Thayer®

*Dermatology, University -of Newcastle, Newcastle upon Tyne, United
Kingdom, ‘Genesis Genomics Inc, Thunder Bay, ON, Canada,
caroline. karwinski@genesisgenomics.com

AIM: Mitochondrial DNA (mtDNA) damage, predominantly encompassing
point mutations, has been reported in a variety of cancers (reviewad in
Penta et al, (2001). Mutat Res 488: 119-133). Our aim was perfonn in
human skin, the first detailed study of the distribution of multiple forms of
mtDNA damage in non-melanoma skin cancer compared to histologically
normal perilesional dermis and epidermis. METHODS: included long
range PCR, 3-primer PCR, back to back primer PCR and automated
sequencing. RESULTS: We present the first entire spectrum of delétions
found between different types of skin tumours and perilesional skin (n=30).

Twenty different deletion species were observed in the major deletion arc

and four species were observed in the minor deletion arc. Our datd'clearly
shows that more deletions occur in the skin from BCC rather than SCC
patients. In addition, we provide the first quantitative data for the incidence
of the common deletion as well as the first report of specific tandem
duplications in tumours from any tissue. Importantly, this work shows
that there are clear differences in the distribution of delctions between
the tumour and the histologically normal perilesional skin. Furthermore,
DNA sequencing of four mutation “hotspot” regions of the mitochondrial
genome identified heteroplasmic changes, which were present in the tumour
alone (i.e. somatic) or at least with a greater incidence compared to the
surrounding perilesional skin. For example, we identified a previously
unreported somatic C to T heteroplasmic mutation at np438 in the non-
coding D-loop. There were two further heteroplasmic changes, a T to C
transition at np16093 in the non-coding D-loop and an A to G transition at
np215 in the coding region, in the tumour of an 88-year-old BCC patient
which were absent in the perilesional dermis and barely detectable in the
associated epidermis. In addition, 81 unreported and reported homoplasmic
single base changes were identified in the other NMSC patients. Unlike
the distribution of deletions and the heteroplasmic mutations, these
homoplasmic mutations were present in both tumour and perilesional skin.
CONCLUSION: This suggests that for some genetic studies, the traditional
use of histologically normal perilesional skin from NMSC patients may be
limited. Currently from this data, it is unclear whether mtDNA damage has
a direct causal link to skin cancer or it may simply reflect an underlying
nuclear DNA instability. It is clear however from our data and from
cancer studies of other tissues, that mtDNA damage is likely to provide a
potentially powerful tool in cancer diagnosis.
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from each patient and a tissue array was made with the most representative area of each
tumor. The THC study included p16 (Santa Cruz Biotechnology, 1/20) , p27 (DAKO,
1/50), PTEN (Cascade Biosciences, 1/300), BAX (Santa Cruz Biotechnology, 1/
200), and pRb (DAKO, 1/5).

Results: Histologic grade correlated with mutations: tumors with BRCA! mutations
were grade 1in O cases; grade I1, 15.8%; and grade 111, 84.2%. Tumors with BRCA2
mutations were graded as I in 7.1%; 11, 35.7%; and 111, 57.1%. Familial BC without
mutations were grade I, 50%; I, 28%; and III, 21.4%. The results of the
immunohistochemical study were:

Gen Products BRCAL (%) BRCA2 (%) No BRCA (%) p value
plé 89.5 100 80.8 n.s.
p27 519 91.7 923 0.015
PTEN 50.0 636 61.5 ns.
BAX 2 455 61.5 ns.
PRB 66.7 66.7 76.9 ns.

n.s.: no significance

Conclusions: Most tumors from patients with BRCA 1 mutation were grade I, Familial
BC without mutations were more frequently grade 1 and IT (p 0.005). The only significant
difference in the IHC study was the higher loss of p27 expression in tumors with
BRCA] mutations.

162  Pathological and Clinical Predictors for Response to Neoadjuvant
Chemotherapy in Breast Cancer '
G MacGrogan, C Pallud, J Simonie-Lafontaine, C Sagan, V Verriclle, M Antoine, F
Ettore, I Treilleux, P Tas, JP Bellocq, A Ulusakarya. Institut Bergonie; Centre
Huguenin; Centre Val D’Aurelle; CHU Nantes; Centre Papin; CHU Paris Tenon;
Centre Lacassagne; Centre Berard; Laboratoire Les Longs Champs; CHU Strasbourg;
Bristol-Myers Squibb, France.
Background: Neoadjuvant chemotherapy improves relapse-free survival and
increases the frequency of breast conservation surgery for women with invasive breast
cancer who would otherwise be candidates for mastectomy. Sparse data is available
on which simple pathological and clinical factors may help select patients who would
benefit from such therapy.
Design: 232 patients presenting with T2, T3, NO, N1, MO0 invasive breast cancer and
non candidates for breast conservation surgery were enrolled in a prospective
randomized parallel multicenter phase II study comparing the efficacy of'4 vs 6 cycles
of neoadjuvant adriamycin/Taxol® followed by surgery. Initial microbiopsies and
bseq surgical sp of 201 pati were available for central review.
Predictive factors of tumor response included clinical tumor size, age, histologicat
type, SBR grade, mitotic count, presence of emboli or DCIS and hormonal receptor
status on the initial microbiopsy. Pathological response(PR) was graded as :
Excellent(EPR) [total or near total therapeutic effect(TE) in turnor and negative
nodes(N-)); Good(GPR)[total or near total TE in tumor and positive nodes(N+)]or
[more than 50% TE in tumor and N- or N+ with TE}; Bad(BPR){less than 50% TE in
tumor whatever node status). .
Results: In the whole group of patients, factors significantly associated with
EPR+GPR were T2 vs T3 status (p=0.03), invasive ductal carcinoma type (IDC,
p=0.002), presence of DCIS (p=0.03), mitotic count >3 (p=0.002) and negative ER
and PR status(p=0.01and p=0.004), by univariate analysis (UV, Chi square test).
Conversely, invasive lobular carcinoma type(ILC) was associated with BPR(p<10
%). Only ILC and PR status were independent factors predicting PR, by multivariate
analysis.(MV,Backward regression), Factors associated with mastectomny wereT3 vs
T2 status(p<102),non- IDC type (p=0.001), ILC (p=0.001) and clinical tumor size
>50mm(p<10?), by UV. ILC and T3 status were independent factors predicting
mastectomy, by MV analysis.
Conclusions: T status, Clinical tumor size, histological type (IDC vs ILC), mitotic
count and hormonal receptor status are important factors to consider when selecting
patients for neoadjuvant breast cancer chemotherapy

163  Neuroendocrine Marker Expression in Breast Carcinoma: A Tissue
Microarray Study

N Makretsov, A Coldman, M Cheang, D Huntsman, B Gilks. University of British
Columbia and Vancouver General Hospital, Vancouver, BC, Canada; British Columbia
Cancer Agensy, Vancouver, BC, Canada. )
Background: Neuroendocrine (NE) carcinomas of the breast are défined by their
carcinoid-like morphology and expression of NE markers.There are few data on the
prognostic significance of this phenotype and its association with other prognostic
markers . The aim of this project was to detect NE differentiation by
immunohistochemistry and to study its prognostic significance in a series-of breast
cancers.

Design: NE differentiation was studied by immunohistochemistry for’synaptophysih
(SYN), chromogranin A (ChrA) and neuron-specific enolase (NSE) in paraffin
embedded tissues from 334 cases of breast carcinoma (Vancouver General
Hospital,1974-1995). Tissue microarray (TMA) blocks (using 0.6 mm duplicate tissue
cores) were made and sections were processed using standard immunocytochemical
techniques. Results were scored according the intensity of cytoplasmic reaction and
proportion of positive tumor cells as follows: 0-negative, 1-weak diffuse focal

immunoreactivity or strong staining in <10% of cells, 2-moderate diffuse
immunoreactivity or strong staining in 10 to 50% of cells, 3-strong and diffuse
immunoreactivity. Data processing and hierarchical clustering analysis were performed
using Deconvoluter, Cluster and Treeview software (Stanford University).
Results: Positivity of breast cancers for SYN was detected in 17% of cases ( score 1-
12%; 2- 2.3%; 3- 2.7%), ChrA-in 1.8 % (1-0.9%; 2- 0.9%, 3-0%), NSE-in4.8% ( 1-
3 %;2 - 1.5 %, 3 -0.3 %). Expression of any NE marker was seen in 18.8% of tumors.
Co-expression of two markers was detected in 2.4%, and three markers in 0.9% of
cases. No association of NE markers with either grade, nodal status, ER or PR status
was found, while the expression of SYN positively correlated only with C-erbB2
status (p< 0.001). Kaplan-Meier analysis of disease specific and overall survival
showed no prognostic significance of either single or multiple NE marker expression.
Conclusions: NE expression was detected in 18.8% of breast carcinomas; of these,
3.3% of cases in our series co-expressed 2 or 3 NE markers. NE marker expression in
breast carcinoma is not of prognostic significance.

164  Expression of NTRK3 (TRKC) in Human Breast Cancers: A Tissue
Microarray Study

N Makretsov, PHB Sorensen, E Yorida, A Coldman, B Gilks, D Huntsman. Academic
Pathology Depatrment of University of British Columbia and Vancouver General
Hospital, Vancouver, BC, Canada; Children’s and Women Health Centre of British

Colurnbia, Vancouver, BC, Canada; British Columbia Cancer Agency, Vancouver, BC,”

Canada.

Background: The t(12;15)(p13;q25) translocation was initially described in
pediatric congenital fibrosarcomas and later in celtular mesoblastic nephroma. This
translocation fuses ETV6 and NTRK3 genes, forming a chimeric protein tyrosine
kinase with potent transforming activity in NTH3T3 cels. The fusion transcript is
expressed at low levels in affected cancers. We recently identified this translocation
in hurnan secretory breast carcinomas (SBC), a rare subtype of ductal carcinoma. The
identification of the ETV6-NTRK3 translocation in SBC raises the possibility
NTRKS3 signaling may have relevance to other breast cancers.

Design: In this study we wished to determine whether the NTRK3 gene is expressed
ina wider range breast cancer subtypes, and whether expression levels correlate with

cancer grade, nodal status and patient outcomes. The tissue microarray was constructed

using paraffin embedded tissue blocks from a clinically annotated series of 122 breast
cancer cases. A rabtit polyclonal a-Trk-C antibody (Santa Cruz) with specificity for
NTRK3 was applied to the arrays using a standard THC protocol. The reaction in
tumor cells was scored as O-negative, 1-diffuse weak immunoreactivity or <10%
strongly positive cells, 2-inter diffuse i tivity or 10-50% strongly
positive cells, and 3-diffuse strong immunoreactivity (> 50% of cells positivly stained).
Results: NTRK3 nuclear staining was evident in a large proportion of tumors. 11%
of tumors were scored as 0, 24% as 1, 42% as 2, and 23% as 3. Kaplan-Mayer analysis
showed a significantly better disease specific survival in patients with negative
TrkC expression versus weak/intermediate/strong positivity (p<0.05). Higher levels
NTRK3 expression were significantly associated with lymph node metastasis (p<
0.01). No association was found with tumor grade.

Conclusi NTRK3is d in 89% of breast cancers. In this series the subset
of breast cancers without detectable NTRK3 expression have a favourable prognosis
when compared to NTRK3 expressing tumors. NTRK3 signaling may be a critical
process in breast cancer pathogenesis. ETV6-NTRKS3 translocations and high level
expression of wild- type NTRK3 could be alternative mechanisms for inducing this
pathway in breast cancer and are a focus for further studies.

165  Development and Progression of Mammary Ductal Tumors Appear To
Be Mediated by Surrounding Myoepithelial Cells .
YG Man, RS Vang, JS Saenger, BL Strauss, R Barner, DT Wheeler, CY Liang, GL
Bratthauer, C Mannion. Armed Forces Institute of Pathology and American Registry’
of Pathology, Washington, DC; Hackensack University Medical Center, Hackensack,
NJ.

Background: Our previous studies revealed the co-localization of tumor suppressor
proteins, maspin and Wilms® tumor I, in most morphologically identifiable
myoepithelial (ME) cells; ducts without these proteins or without intact ME celt
layers showed a significantly higher proliferation rate than their counterparts,
suggesting that ME cells may impact the biologic behavior of subjacent epithelial
cells. The focus of the current study was to assess the possible roles of ME cells in
development and progression of mammary ductal tumors.

Design: Sections from normal and non-invasive breast lesions were immunostained
with antibodies to ME cells, tumor suppressors and growth related proteins, Cells
of interest were microdissected and assessed for micro-satellite instability (MI) or
loss of heterozygosity (LOH) with a pancl of markers altered in invasive tumors.
Results: ME cell layer disruptions were seen in a subset of normal, hyperplastic, and *
in situ neoplastic ducts. Compared to cells near an intact ME cell layer, cells subjacent
to a disrupted ME cell layer often displayed several unique features: (1) alterations
in the duct architecture and cell polarity or density; {2] reduced or lost expression of
estrogen receptor; [3] reduced or lost expression of growth inhibitors; [4] elevated
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rate of cell proliferation; {5] increased frequency of MI or LOH. All these features were
increasingly identified in higher grade lesions. ‘

Conclusions: The biologic presentations of cells subjacent to disrupted and intact
ME cell layers are substantially different, suggesting that the development and
progression of human mammary ductal tumors may be mediated by ME cells.
Acknowledgement: Supported by grants DAMD17-01-1-0129 & DAMD17-01-1-
0130 from Congressionally Directed Medical Research Programs to Yan-gao Man.

166  Radial Scar and Carcinoma of the Breast

E Manfrin, D Reghellin, A Remo, F Canal, F Bonetti. Verona University, Verona, Italy.
Background: Radial scar (RS) is a benign lesion of the breast. RS measuring less than
1 em are often an occasional finding, while larger lesions can present clinically,
mimicking infiltrating carcinoma, A possible association of RS with carcinoma has

been reported.
Design: To evaluate the iation of RS with carcinoma, we reviewed 86 RS, larger
than 1 cm in diameter, detected radiologically as single lesions. Clinical, radiological
and histological data were reviewed.

Results: Mean age was 52 yr. (range 25-84). All 86 cases were considered
radiologically suspect for carcinoma. Histologically, beside the characteristic features
of RS, we observed microscopic foci of: atypical hyperplasia in 14 (16,2%), in sit
fobular carcinoma in 6 (6,9%), intraductal carcinoma-in 10 (11,6%) and infiltrating
carcinoma inl5 (17,4%). Multiple sectioning and Immunohistochemical anlysis was
necessary in most cases to reach a correct diagnosis. .

Conclusions; RS larger than | cm is copsistently associated with premalignant or
overtly malignant lesions (52,1%). RS should be always biopsied. Simple excision
seems adequate, for the minimal size of the atypical or neoplastic component.

167  P53and HER2 neu Expression in Breast Carcinoma Occuring in Young

Women
D Maru, LP Middleton, S Wang, V Valero, A Sahin. U.T.M.D. Anderson Cancer Center,

Houston, TX. .
Background: Breast carcinoma occurring in young women is uncommon and the

tumors tend to be aggressive with a poor prognosis. The biologic characteristics of

these tumors have not been well characterized. Previous studies have demonstrated
that most carcinomas in young women are high grade invasive ductal carcinomas
with low estrogen (ER) and progesterone receptor expression. PS3 and Her2 neu
overexpression is found in approximately 30% of breast carcinomas in women of all
ages and is associated with high rates of lymph node metastases. These observations
have not been studied in women younger than 30 years of age.

Design: 46 carcinomas in young women (age range 23-30 yrs.) were retrieved from the
pathology database at our institution and were studied for pS3 and Her2 neu expression
by immunohistochemistry (Dako, D07, and Neomarkers respectively). P53 nuclear
staining was graded as 0 (negative), 1(< 25% cells ), 2 25-50% cells) and 3 (> 50%
cells). Her2 neu membranous staining was graded as 0 (negative), 1 (incomplete weak
staining < 25% cells), 2 (complete staining of 25-50% cells) and 3 (complete strong
staining of > 50% cells). Grade 2 and 3 were considered positive. The marker expression
was correlated with clinicopathologic features including tumor size, ER expression
and axillary lymph node status, )

Results: The 46 carcinomas consisted of 44 invasive ductal carcinoinas, 1 medullary
carcinoma and 1 unclassified carcinoma, The clinical stage was T1 (4), T2 (23), T3(11)
and T4 (5)cases. P53 was positive in 24 of 46 (52%) cases and Her2 neu was positive
in21 of 43 (49%) cases. 13 tumors were ER positive and 19 tumors were ER negative.
The marker expression and lymph node staws results are below.

p53+ p53- Her2 nev+ Her2 neu-
NO 5 7 3 8
NIN2 19 15 18 14
p value 039 0.023

Conclusions: P53 overexpression and Her2 neu expression are frequently identified
in breast carcinomas in young patients. The incidence of Her2 neu expression in
young women is higher than that reported for the general population. Moreover,
Her2 neu overexpression in young women significantly correlates with lymph node
involvement and may, therefore, be a marker for aggressive clinical behavior in this
cohort.

168  Atypia in Ductal Lavage: A Follow Up Experience with Ductography,
Ductoscopy and Tissue Biopsy

S Masood, $ Khan, R Nayar. University of Florida Health Science Center, Jacksonville,
FL; Northwestern Memorial Hospital, Feinberg, Chicago, IL.

Background: Ductal Lavage (DL) has been successfully used to sample epithelial
cells from the breast. However, the sensitivity and specificity of DL has not yet been
determined, Follow-up of atypia found in these samples is essential in establishing
the potential role of DL in early breast cancer detection and individualized risk
assessment, In the current study, we report the histological findings in a subset of
women who have undergone surgical resection for atypical findings in DL cytology.
Design: Atypical DL cases with follow up ductography and/or ductoscopy and
tissue biopsy seen at the University of Florida and Northwesten University were
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selected for this study. Specimens were processed using Thin Prep or cytospin
protocols and the slides were analyzed following previously established
morphologic criteria.

Results: Nine cases of atypical DL with follow up tissue biopsy were identified.
Five patients.have undergone ductography, which showed evidence of space
occupying lesions within. the central ductal system close to the nipple. Ductoscopy
in four cases revealed recognizable abnormalities. Tissue biopsy obtained from duct
excisions showed three ductal carcinoma in situ and one papilloma in four cases with
the diagnosis of marked atypia on DL. Five cases interpretated as mild atypia in DL
preparations, were found to have papilloma in 2 cases, proferative breastdisease with
atypia in one case and proliferative breast disease without atypia is two cases in their
corresponding histologic follow up.

Conclusions: This study demonstrated that atypia seen in DL can be associated with
recognizable anatomic abnormalities, among which papilloma seems to be acommonly
observed lesion. Further studies are necessary to assess the prognostic significance
of centrally located papillomas and to redefine the term atypia.

169  Isolated Tumor Cells in the Sentinel Node and Risk of Axillary Non-
Sentinel Node Involvement in Patients with Invasive Breast Carcinomas
MCMathieu, V Suciu, JR Garbay, R Rouzier, ] Lumbroso, JP Travagli. Institut Gustave-
Roussy, Villejuif, France.

Background: In the classification of micrometastasis proposed by the UICC(1),
isolated tamor cells (ITC) are defined in a separate category pNO{i+) from nodal tumor *
deposits. The objective of this work was to determine the risk of axillary non-sentinel
node (non-SN) involvement when this type of metastasis is found in the sentinel
node (SN).

Design: Since 1999, the SN protoco! has been proposed for patients with a T0-1 NO
breast carcinoma, Complementary axillary dissection has been performed in 87 cases
with a positive SN. The entire SN was included in 1.5-2 mm-thick slices and examined
after staining with hematoxylin-cosin-safran (HES). In negative SN, 3 additional
levels at 250-ikm intervals were stained with HES and studied immunohistochemically
(THC) with cytokeratin (CK22, Dako).

Results: Non-SN involvement was present in 35% of cases with a positive SN (30/
87 cases). The frequency of non-SN metastases was not significantly different among
patients with pNO(i+) isolated cells (30%, 3/10 cases) or with pNla micrometastases
(12%, 4/33 cases). However, the risk was higher for macrometastases (52%, 23/44
cases) (p<0.001). ITC were detected by IHC in 4 cases. Including non-SN, the final
pN status was: pN1(i+) in 1 case, pNla in 1 case and pN1b in one case.
Conclusions: In our study, ITC in SN have a capacity to implant in non-SN which is
not different from micrometastatic nodal tumor deposits.

(1)HERMANEK, Cancer, 1999, 86:2589.

170  c-erbB-2 (HER2/neu) in Infilirative Lobular Carci Dissociation
between Immunohistochemistry and Fluorescence In Situ Hybridization
W McDonald, Y Chen, C Zaloudek, G Magrane, F Waldman. UCSF, San Francisco,
CA.
Background; Overexpression of erbB-2 (HER-2/neu) protein or amplification of the
ERBB?2 gene is required to qualify patients with advanced invasive breast cancer for
treatment with trastuzumab. Most studies have shown that ERBB2 gene amplification
is almost always associated with overexpression of its protein product. The College
of American Pathologists recently asserted that immunohistochemistry (IHC) and
fluorescence in situ hybridization (FISH) are confirmatory of one another in
determiniog erbB-2 status. Previous studies have not defined the relationship between
erbB-2 overexpression and gene amplification in infiltrative lobular carcinoma (ILC).
Design: 39 infiltrative lobular carcinomas submitted to UCSF pathology for erbB-2
oncoprotein analysis between February 2000 and Angust 2001 were analyzed. All
cases were IHC-positive for estrogen receptors, progesterone receptors, or both,
HercepTest™ (Dako) was performed according to the manufacturer’s instructions on
all cases and scored according to standard guidelines, FISH was performed on all
cases using probes fo ERBB2 and centromere 17 (C17). When possible, at least 50
cells were scored per case for both ERBB2 and C17. Cases were considered amplified
if the ERBB2:C17 ratio was greater than or equal to 2.0.
Results; Of 39 cases examined, 7 (18%) demonstrated overexpression of erbB-2 by
HercepTest™ staining (3+), while 9 (23%) showed borderline staining (2+). Only 1
case (3%) displayed ERBB2 amplification by FISH. HercepTest™ was positive (3+
staining) in that case. AHl 23 cases that were negative by THC (0 or 1+) lacked gene
amplification.
Conclusions: There was a clear dissociation between protein overexpression as
determined by IHC and amplification of ERBB2, suggesting that other mechanisms
of overexpression may play a role in this type of infiltrative breast cancer . This
dissociation should be considered when evaluating the ERBB2 status of infiltrative
lobular eancers. A negative HercepTest™ accurately predicted absence of gene
amplification, suggesting that ILC with scores of 0 or 1+ (negative) may not need to
undergo further testing.
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was evaluated by 3 of the above authors without knowledge of response data and
results were correlated with response to therapy. Membranous staining of EGFR and
nuclear staining of p27, Cyclin D1 and PPARY were defined as positive. Chi-square
test is used for statistical analysis, '

Results: Positive staining in >25% of tumor cells for p27 and in >20% of umor cells
for Cyclin D1 was significantly associated with response to trastuzumab based therapy.
EGFR and PPARY staining did not show a significant correlation with response.
Marker (positive staining) Response (% Patients) No Response s(% Patients) p vahe

EGFR 80 - 5 Not Significant
p27 75 40 <0.05
Cyclin D1 55 0 <0.05

PPARY 25 14 Not Significant

Conclusions: Cyclin D1 and p27 may be important markers for predicting response
to trastuzumab based therapy in patients with metastatic breast cancer and the usage
of these markers for selection of therapy in this clinical setting merits further study.

223 ASubset of Morphologically Identifiable Mammary Myoepithelial Cells
Lacks Expression of Corresponding Phenotypic Markers

RR Zhang, Y-G Man, BL Strauss, RL Vang, JS Saenger, R Bamer, DT Wheeler, CY
Liang. Armed Forccs Institute of Pathology, Washington, DC.

Background: : histoch taining for smooth muscle actin (SMA) is
commonty used for identifying mammary myoepn.hellal (ME) cells, whose presence
or absence is a reliable criterion for differentiation between in situ and invasive
carcinomas. However, some ME cells that are morphologically identifiable on H&E
sections fail to stain for SMA. This study attempt to assess whether these SMA(-)
cells also lack expression of other ME cell phenotypic markers. ,

Design: Non-invasive lesions harboring ME cells that are focally or entirely SMA
(-) in ducts’lined by more than 50 epithelial cells were selected, and 8 consecutive
sections from each selected case were stained for SMA. Ducts with SMA(-) ME cells
were photographed; then, each section was re-stained for one of 8 additional ME
markers (below). The same SMA (-) ducts were ined for of other markers.
Results: Some SMA(-) ME cells also failed to dlsplay distinct i immunoreactivity for
other ME cell markers, including calponin, maspin, Wilms’ tumor-1, CD-10, smooth
muscle myosin-heavy chain, or cytokeratins 5, 14, and 17 (CK-5, -14, and -17). Some
SMA(-) ME cells, however, displayed strong immunoreactivities for CK-5, -14, and
-17. The distribution of these ME cells appeared to be independént of the ductal size,
length, and architecture. )

Conclusions: A subset of ME celks fail to express corresponding phenotypic markers,
suggesting that these SMA (-) cells may have genetic and biochemical properties that
are different from their SMA (+) counterparts.

Supported by grants DAMD17-01-1-0129 and DAMDI17-01-1-0130 from The
Congressionally Directed Medical R h Programs to Yan-gao Man, MD., Ph.D,

Cardiovascular

224 Surgical Pathology of Subaortic Septal Myectomy Not Associated with
Hypertrophic Cardiomyopathy: A Study of 98 Cases (1996-2000)

RD Allen, WD Edwards, HD Tazelaar, GK Danielson. Mayo Clinic, Rochester, MN
Background: No series have described the surgical pathology of subaortic septal
myectomy in patients with conditions other than hypertrophic cardiomyopathy

Design: Medical records and microscopic slides were reviewed from 98 non-HCM
patients undergoing septal myectomy at Mayo Clinic Rochester from 1996-2000.
Concurrently, 229 other patients had myectomy for HCM.

Resulis: The study group (65 women, 33 men) ranged in age from {.5-92 years (mean,
61), Seventy underwent surgery for aortic stenosis (group 1), 25 for congenital
subaortic stenosis (group 2), and 3 for other conditions (group 3). Group 1 patients
were older than group 2 (72 vs 26 years; p<0.0001). Microscopic evaluation showed
myocyte hypertrophy (97%), vacuolization (35%), left bundle branch tissue (26%)
(33% in group 1 vs 8% in group 2; p=0.02), and disarray (19%); interstitial fibrosis
(92%), inflammation (10%), and amyloidosis (7%, all prealbumin type, all group 1,
>80 years old); vascular thickening (18%), dysplasia (12%), and dilated venules
(6%); and endocardial fibrosis (74%) (64% in group 1 vs 100% in group 2; p=0.0001)
and chronic inflammation (17%).

Conclusions: Of 327 patients undergoing subaortic septal myectomy, 30% had
conditions other than HCM. Myocyte disarray was present in 19% of patients without
HCM (and was absent in 20% of HCM patients in a companion study). Thus, disarray
alone cannot be used reliably to include or exclude a diagnosis of HCM in small
surgical specimens. Because amyloid was found unexpectedly in 7 octogenarians, we
recommend routine amyloid staining on surgical myectomy tissue from patients over
65 years of age. .
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225  Arrhythmogenic Right Ventricular Cardiomyopathy Causing Sadden
Cardiac Death in' Boxer Dogs a New Animal Model of Human Disease

CBasso, PFox, KMeurs,  Towbin, A Spier, F Calabrese, B Maron, G Thiene. University
of Padua Medical school, Padova, Italy; Animal Medical Center, New York, NY;
Ohio State University College, Columbus, OH; Baylor College of Medicine, Houston,
TX:Minneapolis Heart Institute Foundation, Minneapolis, MN.

Background: Arrhythmogenic right ventricular cardiomyopathy (ARVC) is aprimary
and familial heart muscle disease associated with substantial cardigvascular morbidity
and highrisk of sudden death in the young. Efforts to discem the relevant mechanisms
have been impaired by the absence of a suitable animal model.

Design: ARVC was clinically suspected in 23 boxer dogs (12 male; 4.5 to 13,7 years
old, mean, 9.142.3 years) based upon a phenotype including ventricular arrhythmias
of RV origin (n=18, 78%), sudden death (n=9, 39%), syncope (n=12, 52%), or right
heart failure (n=3, 13%). Six dogs shared similar pedigrees. In vitro magnetic resonance
imaging (MRI) and detailed gross, histology and xmmunohlstochemlstry
investigation was performed in formalin-fixed hearts removed at autopsy. Quantitative
computerized morphometry was used to assess myocardial atrophy and fatty tissue
replacement,

Results: Moderate RV chamber dilatation was present in 8 (35%) and RV aneurysms
in 3 (13%). In vitro MRI showed bright RV antero-lateral and/or infundibular wall
sngnals (diffuse in 12, 52% and focal in 6, 26%). Histomorphometry revealed increased
RV fatty tissue (mean percent aread5+16 %) versus controls (15+3%) (P<0.001) and
adecreased residual myocardial area (51£16% versus 8343.1, respectively (P<.000 1.
Fatty infiltration was greatest in the infundibular region. Substantial replacement
fibrosis occurred in seven ARVC hearts (30%), mild inflammatory infiltrates in 14
(61%), and apoptotic myocytes in nine (39%).

Conclusions: We report a new, spontaneous animal model of ARVC and sudden
unexpected death in the boxer dog that closely resembles the human disease, It is
characterized by ventricular arthythmias, sudden death, fatty or fibrofatty myocardial
replacement, apoptosis, and myocarditis. Accordingly, this canine model will facilitate
investigation of complex clinical and pathophysiclogic mechanisms of ARVC and
sudden death in humans.

226  Surgical Pathology of Pulmonary Thromboendarterectomy: A Study of

54 Cases (1990-2001)

LA Blauwet, WD Edwards, HD Tazclaar, CGA McGregor. Mayo Clinic, Rochester,

MN.

Background: Thromboendarterectomy may be performed for chronic thromboembolic

pulmonary hypertension with obstruction of main, lobar, or segmental pulmonary

arteries. The aims of the current study were to document (1) patient age and sex

dlsmbunon. (2) frequencies of thrombotic or embolic events, (3) presence of
lopathy or i disorder, (4) sites of pulmonary anery obstruction, and

COApTIVP

(5) gross and microscopic features of surgically resected specimens.

Design: Medical histories and microscopic slides were reviewed in each case. Slides
were stained with hematoxylin-eosin and Verhoeff-van Gieson and were evaluated
for the presence of thrombus; intimal collagen, elastin, atherosclerosis, hemosiderin,
calcification, and inflammation; medial tissue and inflammation; and adventitial tissue,
Results: The study group included 54 patients (30 women, 24 men), ranging from 33-
77 years old (mean, 58). Clinically, 28 (52%) had a history of deep leg vein thrombosis
and 42 (78%) had a history of pulmonary embolism; 24 (44%) patients had histories
of both events. Coagulation abnormalities were documented in 15 (28%), and 8 (15%)
had an autcimmune or hematologic disorder. Pulmonary thromboendarterectomy was
bilateral in 52 patients (96%) and unilateral in 2. Six patients had obstructions
resected from their main pulmonary arteries. Obstruction limited to the segmental
arteries occurred only in women. Grossly, right-sided specimens were larger than
left-sided (p=0.003). Microscopically, thrombi were of uniform age in 72% and of
variable age in 28%. Intima was thickened in all and consisted of collagen (100%),
elastin (67%), hemosiderin (56%), inflammation (53%), atherosclerosis (32%), and
calcification (15%). Three additional patients, not included among the 54, underwent
resection of intraluminal pulmonary artery sarcomas,

Conclusions: Pulmonary thromboendarterectorny was most often performed in middle-
aged and elderly patients with a history of deep leg vein thrombosis or pulmonary
embolism. Most patients did not have an identifiable coagulation, autoimmune, or
hematological abnormality. Although most had bilateral procedures, right-sided
specimens were generally larger than left-sided. Resected tissues commonly showed
organized thrombus. In 5% (3/57), sarcomas mimicked pul y thromboemboli

227 Overexpression of Tumor Necrosis Factor (TNFa) and TNF o) Receptors
in Human Viral Myocarditis: Clinico-Pathologic Correlations

F Calabrese, E Carturan, C Agostini, A Angelini, M Valente, GM Boffa, A Frustaci, G
Thiene. University of Padua, Padua, Italy; Catholic University of Rome, Rome, Italy.
Background: Proinflammatory cytokines, including TNF-t, have been recognized
as important pathophysiologic and pathogenic factors in the initiation and
continuation of inflammatory cardiomyopathy. Experimental and preliminary human
studies have demonstrated that TNF-a plays a potentially critical role in enteroviral-
induced myocarditis.
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E-CD loss and p120ctn mislocalization were observed in all cases,
implying that these alterations occur early in the oncogenesis of ILC. By
_contrast, none of the 119 invasive or in situ ductal carcinomas analyzed
in-a Tissue Microarray.-showed p120ctn cytoplasmic accumulation,
whereas reduced E-CD and p120ctn in membrane was very common.
Moreover, we observed that in breast cancer cell lines completely
lacking E-CD expression, including 5 primary lobular cancer cell lines
generated by us, p120ctn accumulated in the cytoplasm, and occa-
sionally in‘the nucleus. To demonstrate the mechanistic link between
E-CD loss and p120ctn mislocalization, a breast cancer cell line show-
ing complete silencing of E-CD gene by promoter hypermethylation
wis treated with the demethylating agent 5-Azacytidine for 72h. After
treatment, an epithelial phenotype was restored, and p120ctn was
recruited from the cytoplasm to the membrane, where it colocalized
with the endogenous re-expressed E-CD. In conclusion, abnormal
cytoplasmic accumulation and nuclear localization of p120ctn are novel
and characteristic alterations of lobular breast carcinomas. This altered
p120ctn expression is mediated by the absence of E-CD, occurs in the
earlier stages of the disease, and is maintained during lobular tumor
progression to metastasis. Consequently, p120ctn may be an impor-
tant mediator of the oncogenic effects derived from E-CD inactivation,
including enhanced motility and invasion.

#357 Identification of invasive precursor cells in normal appear-
ing and hyperplastic breast tissue. Yang Gao Man, J.S. Saenger, R.S.
Vang, R. Barner, D. Wheeler, Alfredo Martinez, and James L. Mulshine.
Department of Gynecologic & Breast Pathology, Washington, DC and
National Cancer Institute, Bethesda, MD.

We previously reported discreet genetic changes in pre malignant
and adjacent normal appearing bronchia! epithelium that were shared
with overt cancerous tissue. We recently defined a similar clonal phe-

. notype'in ductal carcinoma in situ breast cells. The current investigation
evaluates if a similar situation exists with other normal appearing and
‘hyperplastic breast cells. To define the cell populations, sections from
oatients with cancer or suspected cancer including both normal and
hyperplastic appearing breast tissue were double immunostained using
antibodies to estrogen receptor (ER) and smooth muscle actin (SMA) to
demonstrate epithelial (EP) or myoepithelial (ME) cells. Immunostained
sections were examined to identify ER (-) cell clusters, defined as a

group of =5 ER (-) cells. These foci were found adjacent to disrupted
MPE cell layer. In contrast, for areas with an intact ME cell layer, the
adjacent epithelial cells showed intense ER (+) immunostaining. ER (-)
cell clusters were seen in both the normal and hyperplastic appearing
ducts in a small portion (=10%) of the cases. The immunohistochem-
ical and genetic features in ER (-} clusters were compared to those in
the ER (+) clusters. Compared to their ER (+) counterpart within the
same duct, the ER (-) cell clusters generally displayed the following
unique features: [1] more abundant surrounding stromal and vascular
structures; 2] a lower frequency of p27 expression; (3] a higher cell
prohferatnon rate; [4] a higher frequency of loss of heterozygosity (LOH)
and micro-satellite instablility (Ml). These features were comparable to
those seen in invasive mammary tumors. Conclusions: ER (-} cell clus-
ters in both normal appearing and hyperplastic ducts generally dis-
played biological and molecular’ features similar to those of invasive
mammary tumors, suggesting that these ER (-) cell clusters adjacent to
disrupted ME cell layer represent invasive clonal cell populations. Sup-
ported by grants, DAMD17-01-1-0129 and DAMD17-01-1-0130, Con-
gressionally Directed Medical Research Programs to Yan-gao Man,
MD., Ph.D.

#358 Expression of HIF-1« in squamous cell carcinoma of the
tongue: A new parameter for predicting cancer cell metastasis.
Takao Ueno, Ken-ichi Notani, Fumihiro Higashino, Takao Kohgo, and
Masanobu Shindoh. Hokkaido University Graduate School of Dental
Medicine, Sapporo, Japan.

Hypoxia-inducible factor 1 (HIF-1) is an: oxygen- regulated transcrip-
tional activator that plays an essential role in maintaining oxygen ho-
meostasis. HIF-1 adapted cells to hypoxic conditions for regulating
transcriptional activation of several genes that respond to the lack of
oxygen, including vascular endothelial growth factor (VEGF). HIF-1
consists of dimerization of « and B subunits. HIF-18 is a constitutive
nuclear protein, whereas HIF-1a subunit could generally not be de-
tected in normal tissue by rapid degradation. HIF 1a protein is stabi-

68 Proceedings of the American Association for Gancer Research ® Volume 44, 2nd ed. ¢ i

lized and accumulated when cells were exposed to hypoxic conditionsg
Recently, it has been reported that HIF-1a plays an important role:
promoting tumor progression. We -investigated the expressmn
HIF-1a in squamous cell carcinoma (SGC) of the tongue by immu
histochemical methods and compares the relation to the clinico-path
logical findings. HIF-1a was identified in 12 of 39 cases (31%) exa
ined. HiF-1a positive signal was observed in both nuclei and cytop!
of cancer cells. HIF-1a expression was not significantly associated
clinical parameters such as age, gender and clinical staging of
patients, nor with pathological findings as grading of tumor maligf
cies and mode of invasion of cancer cells. There was a statisti
significant correlation between HIF-1a expression and cancer cell,
tastasis to cervical lymph nodes or distant organs. Kaplan- Meler
ysis showed a significant influence of HIF-1a expression on the
lative overall survival rate (p=0.0030, log-rank test). VEGF was s
to be the downstream gene of HIF-1a, and neo-vascularizati
VEGF has been thought to correlate highly with metastasis of
cells. The number and diameter of biood vessels around the
tissue was investigated by immunostaining of endothelial cells w
antibody against CD34: There was a high ratio of neo-vasculariza
HIF-1« positive tumors, with a large number and smaller diamet
blood vessels, which was more obviously seen in the stromal tj
than in HIF-1a negative tumors. It has been reported that p53 int
with HIF-1«a to reduce the activity of neo-vascularization by dow! .
lating VEGF. In this study, mutant-p53 (mt-, p53) expression was

significantly associated with HIF-1a expression; however, cases ]
both mt-p53 and HIF-1« expression highly correlate with metast;
and showed significant shorter cumulative overall survival. Our res
suggest that HIF-1a expression in combination with p53 status wi
be an indicator of neo-vascularization, which could be used as a|
predictive and prognostic parameter for metastasis in tongue SC

#360 Translational upregulation of Src by erb82-mediated
vation of mammalian target of rapamycin contributes to hug
breast cancer progression and metastasis. Ming Tan, Ping Li,.¥
tine Klos, Yoichi Nagata, and Dihua Yu. The University of Texas
Anderson Cancer Center, Houston, TX.
ErbB2, a member of the EGFR receptor tyrosme kinase famlly
been demonstrated to play an important role in breast cancer pr
sion and metastasis. However, the molecular mechanism of
mediated breast cancer metastasis is poorly understood. To elué
the mechanism underling ErbB2-mediated breast cancer meta
we investigated the signaling pathways downstream of ErbB2 tha
contribute to ErbB2-mediated metastasis. We transfected wi
and mutant ErbB2 expression constructs into an ErbB2-low-expr
human breast cancer cell line MDA-MB-435. We found that
overexpressing cells, which had higher metastatic potential in vit
in vivo, had significantly increased Src protein level and kinase a
comparing to ErbB2 low-expressing control cells. However, S
levels among ErbB2 high- and low-expressing cells were simila
preliminary study suggested that the increased Src protein
ErbB2 high-expressing cells was due to the upregulation of S
lation, which resulted from the activation of mTOR pathway b
To assess the significance of Src upregulation in breast cancer |
tasis, we ln;ected ErbB2 low-expressing MDA-MB-435 and
high-expressing 435.eB cells into ICR-SCID mice. Mice ‘w
treated with the Src specific inhibitor PP2. We found that PP2 di
ically inhibited ErbB2-mediated cancer cell metastasis. These,
indicate that overexpression of ErbB2 translationally upregula
through the activation of the mTOR pathway and this mechanis
an important role in ErbB2-mediated breast cancer progress|
metastasis.
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#361 IGFBP-3 effect in prostate cancer cells and osteqd
Jun Yang, Erica L. Kreimann, Charles R. Sikes, Clifton L. S
Sue-Hwa Lin, Sara Peleg, Matilde Olive, Christopher J. Lo
Gerard Karsenty, and Nora M. Navone. University of Texas M.
son Cancer Center, Houston, TX and Baylor College of
Houston, TX.

Advanced prostate cancer (PCa) is dominated by complicati
ing from bone metastases (BM). Bone metastases of PCa ar
teristically blastic, i.e., they involve excessive bone formation
is frequently the only site of progression. These observations |
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R polyphenols (flavonoids) from "lowbush blueberries (Vactiiiiim
ngustifolium) would affect MMP expression. A crude ﬁ'actm' 1
g anthocyanin-enriched (AN) and a proanthocyanidin- -enriched’ (PAC)
§ fraction were evaluated. MMP activity was measured - (USmg
zymography) in DU145 cells following 24 hour exposure to 0.1, 0.5, and
¥ 1.0 mg/m! of each fraction. Crude fraction inhibited MMP-9, MMP-2,
nd MMP-7 in a dosé-dependent manner, while MMP-3/10 activity
emained unchanged. The AN fraction inhibited MMP-2 and MMP-7 in
‘a dose-dependent manner, while MMP-9 activity was inhibited only by
E 1.0 mg/ml AN. MMP-3/10 activity remained apparently unaffectéd by
& the AN fraction, PAC’s also inhibited MMP activity in a dose-dependent
B manner. Decreased MMPs' activity was not due, ;to either apoptotic or
ecrotic cell death indicating that these fractions® effects. are
pecific/target-directed. “Bioactive” fractions from blueberries may
. possess the ability to decrease ECM degradation in prostate cancer cells,
n part, by decreasing MMP activity levels. [PEI Cancer Research
i Council funded]

786.10 -

¥ NVPAAL993, a VEGF-R2, R3 antagonist prevents VEGF-C
¥ mediated proliferation of lymphatic endothelial cells in vitro.

April Carpenterl, Amer Rassam?, Jonathan .Glass?, Christopher G
¢ Kevil’, James Cardellli?, Jeffrey Houghton Paul Manley’ John W
- Elrod‘ Jonathan Alexander®. 'Physiology, LSU Health Sciences Center,
. 1501 Kings Highway, Shreveport, LA 71130, *Feist Weiler Cancer
g Center, Louisiana State University Health Sciences Center, Shreveport,
" LA, ®Pathology, LSUHSC-S, Shreveport, LA, “Molecular and Cellular
£ Physiology, Louisiana State University Heaith Sciences Center,
B Shreveport, LA, *Feist-Weiler Cancer Center, Novartis, Shreveport, LA,

§ Shreveport, LA
E In addition to blood vessel formation (angiogenesis), lymphangiogenesis
now also known to influénce growth of tumors and tumor metastasis.
erefore, drugs which would limit the proliferation of lymphatic
dothelial cells (and lymphangiogenesis) might represent important
new treatments for limiting cancer growth. We examined the
fproliferation of murine lymphatic derived endothelial cells (MIC-1)
é’clls a lymphatic endothelial cell line expressing VEGF-R3 (measured
[by RT-PCR and Flt-4 western blotting), in the presence of VEGF-C, (a
flymphatic endothelial growth factor) and in the presence of VEGF-C
®plus the anthranilamide antagonist of VEGF-R2/R3, NVPAAL993, (2-
t[(4-pyridyl) methylJamino-N-[3-(trifluoromethyDphenyl] benzamide).
I (NVPAAL993 inhibits VEGF-R2 and R3 with IC50s of 23 and 18 nM
Etespectively using purified enzyme). We found that NVPAAL993 dose
k- dependently blocked the proliferation of lymphatic endothelial cells
[ (measured at 48 hours) with an IC50 of approximately 2 uM. These data
§ suggest that NVPAAL993 might represent an important therapeutic
¢ agent for reducing lymphoproliferation in cancer, and possibly
k. lymphoproliferation in chronic inflammatory diseases.
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Morphologically comparable prostate acini and ducts with and
without a focal basal cell layer disruption have a different cell
proliferation rate: Implications for tumor invasion

BE* Yan-gao Manl, Ting Shen?, yunge Zhao®, Qing-Xiang Amy Sang’.
'Gynecologic & Breast Pathology, Armed Forces Institute of Pathology,

Temple University Medical School, Philadelphia, PA, *Chemistry and
Biochemistry, Florida State University, Tallahassee, FL

Our previous studies revealed. that a subset of mammary ductal
carcinoma in situ contained focally disrupted myoepithelial (ME) cell
layers. As prostate basal cells are believed to be equivalent to breast ME
cells, this study attempts to assess whether focal basal cell layer
disruptions are detectable in prostate tumors. Two consecutive sections
from each of 16 patients with prostatic intraductal neoplasia and organ-
confined carcinoma were double immunostained for cytokeratin (CK) 34
beta E12 plus androgen receptor (AR) and CK 34 beta E12 plus Ki-67,
respectively, Acini and ducts lined by over 40 epithelial cells were
examined for a focal basal cell layer disruption, defined as the absence
of babal cells resulting in a gap equal to or greater than the combined
size of 3 basal or epithelial cells. Focal basal cell layer disruptions were
seen in about 10% of the acini and ducts examined. Over 80% of the
distuptions were overlain by or subjacent to AR positive cell clusters.
Acini and ducts with focal basal cell layer disruptions showed a

¥ ‘Physiology, Louisiana State University - Health Sciences Center,'
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significantly higher (p <’ 0.01) proliferation rate than their
morphologically comparable counterparts without disruptions, A vast
majority of the proliferating cells were located at or near the basal cell
layer disruptions. In“some cases, cells in focally disrupted: basal cell
layers appeared to be directly connected to the invasive component.
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A model to study sentinel lymph node (LN) metastasis

CHAO-NAN QIAN', Bree Berghuls Galia TsarfatyJ MaryBeth
Bruch’, Eric J. Kort', David Jackson*, James H. Resau?, Bin Tean Teh'.
'Lab of Cancer Genetics, Van Andel Research Inshtute 333 Bostwick
Ave NE,;Grand Rapids, MI 49503, 2Lab of Analytical, Cellular and
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ML, *Lab of Molecular Oncology, Van Andel Research Institute, Grand
Rapids, MI, *MRC Human Immunology Unit, Weatherall Institute of
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Understanding metastases is' the key to defeating cancer. A high LN-
metastatic  cellular clone (C-18) from the parental human
nasopharyngeal carcinoma cell line CNE-2 was isolated in vitro by using
the limited dilution method and the mrgratron/mvasron assay, and then
confirmed in vivo by using the foot-pad model, which included
inoculation of the tumor cells into the left hind foot-pad of nude mouse
and resulted in metastasis to the popliteal (sentinel) lymph node (PLN)
(Fig 1). The PLN metastasis rates were 75% on Day 40 and 100% on
Day 50 after implantation of C-18.

Angiogenesis and lymphangiogenesis in the sentinel, contra-lateral, and
normal PLNs were evaluated by ultrasonography, dextran-FITC
perfusion, histological analyses (Fig 2), and detections of circulating
cytokines and endothelial cells. There are two morphologic variants of
blood vessels in the normal PLN. Certain vessels can be activated in a
unique way in the sentinel PLN as well as in the contra-lateral PLN
during tumor-induced angiogenesis. Our studies support the conclusion
that the primary tumor can induce angiogenesis in the LN. This model is
useful for the studies of the mechanism(s), the prevention and the
treatment of LN metastasis.

Figure 1. The LN metastasis model. The black arrow head (A)
indicates primary tumor. The back arrow indicates the spontaneous

. metastasis of the tumor cells to the PLN. Ultrasonography showed
the metastatic PLN (white arrow in B) was enlarged compared to
the contralateral PLN (white arrow in C).

Blood.vessel:

Merged image of triple immunoftuorescence
The lymphatic endothelial cells (stained with LYVE-
tidarily stained with FITC) and the vascular endothelial’
ned with CD31, secgpdarily stained with rhodamine)
early distinguished in LN. DAPI (blue) stained the
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Previously, we reported finding a marked difference between in situ and invasive components of breast

cancers in the expression of the enzyme UGT2B7 that by glucuronidating retinoic acid (RA) generates the
potent retinoid retinoyl-B-glucuronide. While UGT2B7's expression in invasive cancers was at most minimal,
within in situ lesions it was higher than in norrﬁal mammary epithelium. The virtual absence of UGT2B7 in
invasive cancer was consistent with retinoids’ importance as differentiating agents. However, its increased
expression in pre-invasive cancers suggested that RA biosynthesis might be paradoxically increased pre-
rather than decreased in pre-invasive lesions. To test this notion, here we examined normal and neoplastic
human breast tissue for the expression of retinaldehyde dehydrogenase 2 (RALDH2 that catalyzes fhe
oxidation of retinal to RA. In normal breast parenchyma, RALDH2 was identified by isoelectric focusing
immunoblot analysis, localized by immunocytochemistry in the mammary epithelium and oxidation of retinai to
RA demonstrated by a reporter assay. RALDH2 immunostaining was minimal in invasive cancers but
markedly elevated within in situ cancers. Sites of invasion, where the myoepithelial barrier surrounding in situ
lesions had been breached, were largely occupied by immunonegative cancer cells. These findings lead us to
postulate that these differences in expression of RALDH reflect changes in the microenvironment associated
with disease progression. Specifically, we postulate that cancer cells within the microenvironment maintained
by an intact myoepithelial barrier are driven towards differentiation, but that with breakdown of this barrier, é

lineage of less differentiated cancer cells can become dominant and initiate invasion.



Retinoic acid (RA), the major known mediator of acﬁons of retinoids, is a critical contributor to regulatéry
mechanisms essential for the normal development of epithelia and their maintenance in a differentiated state’.
Therefore, from the perspective of cancer biology, RA is an anti-carcinogenic, “tumor suppressor” agent. Atte-
sting to RA importance in tumor suppression are the' many observations of aberrant expression in diverse
cancers of genes encoding proteins on which RA homéostasis and action depend, and the effectiveness of
retinoids in the treatment and chemoprevention of some cancers™?.  Studies of mechanisms underlying this
phenomenon have largely focused on the effects of carcinogenesis on the RA receptors (RAR and RXR), the
transcription factors that mediate RA's actions on the genome, and on proteins that bind RA or its precursor
retinol (CRABPs and CRBPs)*'". Recent studies suggest that aberrant expression 6f enzymes that regulate
RA levels within target cells may also contribute to the disruption of RA’s tumor suppressor functions in
cancers of epithelial origin, including breast cancer'*",

The requirement of epithelia for RA is thought to be met largely by RA generated in situ from
micronutrient/prehormone retinol (vitamin A) delivered via the circulation from retinol that is stored in its
esterified form in liver'®. Both excess and deficiency of RA result in pathology'®. Hence, the importance of
enzymes that regulate RA levels in target tissues. These enzymes fall into three functional categories, ones
that convert retinol to RA, ones responsible for sequestering excess retinol in its esterified form, and ones that
metabolize excess RA?’. Based on RA’s putativ.e function as a tumor suppressor, the expression of enzymes
in some or all of these categories could be expected to be reduced or abrogated in the course of
carcinogenesis. That this may be the case was first suggested by observations on breast cancer cell lines.
Some transformed cell lines were reported to be deficient in the expression of the retinol storage enzymes
lecitin:retinol-acyltransferase (LRAT) as well as in RA biosynthesis when compared to immortalized, non-

1213 Similar observations were made when the expression of one of the

transformed breast cancer cell lines
retinaldehyde dehydrogenases (RALDH6) was compared with that by immortalized non-transformed breast cell
fines'®. Very little is known, however, about which of the many enzymes implicated in the RA biosynthesis and

metabolism RA are actually expressed in normal human mammary epithelium and about their status in breast

cancer.




The notion that aitered expression of enzymes that reguiate RA biosynthesis and metabolism
contribute to the disruption of its control over epithelial differentiation in neoplastic human breast parenchyma
is supported by our recent studies of the expression of class | alcohol dehydrogenase (ADH) and the
glucuronosyitransferase UGT2B7'"%. The link between class | ADH and RA homeostasis is its potential to
catalyze the oxidation of retinol to retinal, the first and presumed rate-limiting step in RA biosynthesis. The link
between UGT2B7 and RA homeostasis is its potential to glucuronidate RA. We identified both class | ADH and
UGT2B7 in normal human mammary epithelium and, based on cytochemical and immunoblot analyses and
enzyme assays, concluded that their expression was markedly reduced or abrogated in invasive cancers'’?'.

The initial goals of the above two studies were unrefated to the potential role of these enzyme in RA
biosynthesis. The aim of the study of class | ADH expression in human breast parenchyma was to determine
whether and which of the medium chain alcohol dehydrogenases that can contribute to the oxidation of ethanol
to acétaldehyde was expressed in the mammary epithelium. Oxidation of ethanol and detoxification of
acetaldehyde can contribute fo oxidative cellular and DNA damage and drain cellular antioxidant defenses.
Hence,‘ actions of enzymes such as class | ADH that can catalyze this reaction can contribute to
carcinogenesis. The finding that the expression of class | ADH was virtually abrogated in invasive cancer wass
therefore, unexpected®'. It suggested that besides its role in oxidation of ethanol, class l. ADH has some anti-
carcinogenic, tumor suppressor function in the mammary epithelium. The one catalytic function of class | ADH
that can be considered anti-carcinogenic is its potential to catalyze the oxidation of retinol to retinal.

Our interest in the expression of UGT2B7 in normal and neoplastic human breast parenchyma was
in its potential to glucuronidate 4-hydroxyestrone and, thereby, prevent the oxidation of this catecholestrogen
to its potentially mutagenic quinone metabolite. While this study was in progress, UGT2B7 was shown to have
the potential to catalyze RA as well. This reaction too can be considered anti-carcinogenic since the product of
the reaction, retinoid retinoyl-g-glucuronide is a potent retinoid that, moreover, is less toxic than the parent
compound (seé in'”). The finding that UGT2B7 was expressed in normal human mammary epithelium but not
in invasive breast cancers was consistent with the enzyme's putative anti-carcinogenic, tumor suppressor

functions, both via its effects on RA and on catecholestrogen homeostasis. This study, however, alerted us to a
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seemingly paradoxical phenomenon, the presence in pre-invasive (in situ) cancers of UGTZB? immunostaining
that was often markedly higher than that in the normal mammary epithelium. We also noted that at sites of
transition from in situ to invasive lesions, where the myoepithelial barrier surrounding in situ lesions was
breached, were occupied predominantly by UGT2B7 immunonegative cancer cells. Together, these findings
led us to suggest that the over-expression of UGT2B7 in cancer cells within in situ lesions reflects a defensive
response'’.

The present study was designed to test more directly the hypothesis that progression of breast
cancer from the in situ to invasive stage has a divergent effect on genes encoding enzymes required for RA
biosynthesis. To this end, we examined normal and neoplastic human breast parenchyma for the expression
of retinaldehyde dehydrogenase 2 (RALDH2), the enzyme that catalyzes the second, final and irreversible step
in RA biosynthesis. We chose RALDH2 for this study because of evidence that it has a particularly important
gate-keeping function in RA biosynthesis'®??. Unlike class | ADH and UGT2B7 that are characterized by broad
substrate specificity, RALDH has a high specificity for retinal®*?*. During embryogenesis, a process in which
RA plays a particularly critical role, expression of RALDH2 is under strict temporal and spatial control, and
RALDH2 null mice do not survive??. The gene encoding the enzyme is also highly conserved across species
(>96% homology between human, rat and mouse)®. Here we present immunocytochemical evidence that the
expression of RALDH2 parallels that of UGT2B7. While RALDHZ2 immunostaining in cancer cells in invasive
components of cancers was dramatically reduced or absent, it was markedly higher within in situ components
of breast cancers than immunostaining in the normal rﬁammary epithelium.

Materials and Methods
Breast Tissue.
Normal and neoplastic breast parenchyma was obtained from a tissue bank containing fresh surgical

specimens from patients with simple macromastia (normal) and breast cancer. The specimens used were
processed by or under the supervision of one of the two investigators (J.W or D.S.). They were freed from
excess fat cells by blunt dissection and by trimming with surgical scissors. Some portions were snap-frozen at

-80°C and stored at -80°C, while others were fixed in 10% neutral buffered formalin from 12-24 hr and then




embedded in paraffin. Particular care was taken to minimize contamination with fat those specimens that were
snap-frozen for future use in molecular biological or biochemical studies. Additional formalin-fixed paraffin
embedded breast cancer specimens were obtained from the archives of the Armed Forces Institute of
Pathology. All of the cancers were >1.5 cm in size. Authorization for the use of these tissues for research was
obtained from the Review Board of the two institutions.

Antibodies.

The antibody was developed in a rabbit against recombinant mouse RALDH-2, a protein that is >95%
homologous with human RLDH2?®. The antibody was purified and characterized as described previously?,
Briefly, it was preabsorbed with acetone powder from chicken liver, a tissue rich in aldehyde dehydrogenases
except RALDH2. The antibody so purified was then shown to recognize as single band in isoelcectric focusing
(IEF) gels of protein from tissues from mouse and chicken embryos showing strong immunoreactivity with the
antibody by immunocytochemistry. Bands dissected from such immunoblots were shown to have
retinaldehyde dehydrogenase activity. The polyclonal antibody against a-smooth actin was purchased from

Dako (Carpenteria, CA)

Immunocytochemistry.

Immunocytochemistry was carried out on archival tissue from reduction mammoplasty surgical specimens
(normal) from 14 patients with simple macromastia, and neoplastic tissue from mastectoﬁy specimens from 26
patients with breast cancer. In two of the breast cancer cases, normal tissue from sites distant from the cancer
were included in the study. The age of macromastia patients ranged from 16 to 54 years and that of the breast
cancer patients from 25 to 76. Immunocytochemistry was carried out as described previously on 5 yn
sections cut from tissue that had been fixed in neutral buffered formalin and embedded in paraffin'’. Briefly,
the sections were placed on ProbeOn+ slides (Fisher Biotech, Atlanta, GA), dewaxed and re-hydrated in
decreasing concentrations of ethanol and then subjected to low-temperature antigen retrieval. Endogenous
alkaline phosphatase was inhibited by incubating the sections in 0.2 N HCI for 5 min. Nonspecific binding was

blocked by incubating sections for 20 min at room temperature in 5% normal goat serum and 10% fetal bovine




serum in phosphate-buffered saline (PBS) confaining 0.3% Triton X-100. This was followed by incubating the
section overnight with the primary antibody in a humid chamber at 4°C and then with biotin conjugated goat-
anti-rabbit secondary antibody (Promega, Madison, WI) in PBS for 1 hr at room temperature. The signal was
amplified using Vectastain ABC reagent with alkaline phosphatase serving as the reporter and Vector Red™
as the chromogenic substrate (Vector, Burlingame, CA). The reaction was arrested by immersing the slides in
distilled water, dehydrated in ethanol, cleared in xylene and mounted with Permount (Fisher Biotech, Atlanta,
GA). One of two adjacent sections from each tissue block was counterstained with Meyer's hematoxylin. In
ordler to identify sites where the myoepithelial/lbasement membrane barrier surrounding in situ lesion was -
breached, sections from an additional 10 breast cancer specimens were immunostained successively for
a~smooth actin, a marker for myoepithelial cells, and for RALDH2. In these experiments the protocol was
modified as follows. In order to block both endogenous peroxidases and alkaline phosphatase, sections were
exposed sequentially with fresh H,02, and 0.2 N hydrochloric accid. Following completion of RALDH2
immunocytochemistry, the sections were incubated overnight with the a-smooth actin antibody in a humid
chamber at 4°C and then with biotin conjugated goat-anti-rabbit secondary antibody (Promega, Madison, WI)
in p‘hosphate buffered saline for 1 hr at room temperature. The signal was amplified using Vectastain ABC
reagent with hydrogen peroxide serving as the reporter and Peroxidase Elite kit (Vector, Burlingame, CA) as
the chromogenic substrate. Sections from normal and neoplastic breast tissue were included in each assay.
Hematoxylin and eosin stained sections from each tissue block were used for histological analysis. Sections

were examined and recorded using a Nikon Digital Camera DXM 1200 and Nikon, ACT1 software (version 2).

Immunoblotting of Protejns separated by Agaros Isoelectric Focusing Gel

RALDH proteins can not be effectively separated by conventional Western analysis because of the close
similarity in their size. Therefore, to confirm the immunocytochemical findings, immunoblotting was carried out
following IEF that effectively separates RALDHs based on differences in their isoelectric focusing point (pl).
The analysis was carried out on protein obtained from 20 pm cryosections that were collected in Eppendorf

tubes cooled to -80C on dry-ice (20 cryosections/tube) and then stored at -80°C until assayed. Using




cryosections greatly facilitates disrupting normal breast parenchyma that is highly collagenous and provides a
high yield of protein. Cytosolic protein was obtained by probe sonication of sections for 60 seconds on ice in
10 mM phosphate buffer, pH 7.2 containing 1 mM phenylmethyl sulfony! fluoride, 10 mg/ml aprotinin, 1mM
leupeptin and 1 mM pepstatin. The homogenates were then subjected to freeze/thawing three times using
liquid nitrogen and a 37°C water bath in order to promote further lysis. Large particles in the.homogenates
were sedimented by centrifugation at 16,000xg for 10 min at 4°C. Protein concentration in the supernatants
was measured using the micro-BCA kit [Pierce, Rockford, IL).

From each specimen, 275 ng of protein was subjected to IEF using the Resolve system Cerebrospinal
fluid test kit (E.G. and G. Wallace, FR-8030) with an agarose IEF ge! of pH 3-10 range following the
manufacturers directions. The |IEF standards used were lactic dehydrogenase (pl 8.55), myoglobin (pl 7.16),‘
beta-lactoglobulin (pl 5.13) and methyl red (p! 3.75). Following electrophoresis, the protein were transferred to
a nitrocellulose membrane and visualized using Ponceau S. After recording the image, the nitrocelluose was
washed in 0.1M phosphate buffer pH 7.2 over 30 minutes with three changes of buffer to remove the stain.
The blot was blocked overnight in 0.1M phosphate buffer pH 7.2 with 20% calf serum, immunostained with
antibody to RALDH2 and vfsualized using alkaline phosphatase conjugated second antibody with nitro blue

tetrazolium/5-bromo-4-chloro-3-indolyl phosphate (NBT/BCIP) substrate®.

Enzyme assay

The potential of protein from normal and neoplastic breast parenchyma to catalyze the bxidation of retinal to
RA was measured using a reporter assay>’. This assay utilizes an F9-carcinoma cell line (Sil-15) transfected
with plasmid containing the B-galactosidase gene under the control of the RA response element from RA
receptor B. Protein for the assays was obtained from homogenates of 20 um cryosections as for IEF (see
above). Three aliquots of 420 ng protein from each of the samples was incubated at 37°C with Sil-15 reporter
cells grown to confluence in a 96 well plate in medium containing 10% fetal calf serum, 1 mM DTT, 1.2 mM

NAD and 40 nM retinol. After an overnight incubation, the cells were fixed with 1% glutaraldehyde




aﬁd B-galactosidase induced by RA generated from retinol by the cells was quantified as a colorimetric
reaction product in an ELISA plate reader. The values provide a relative measure of RALDH activity in
samples processed in parallel. Although individual celis vary in their response to RA, the Elisa reading in an
average of 10° cells is highly reproducible.

The values obtained for p-galactosidase activity were corrected for differences in cell density among
tissue specimens using values obtained for nuclear cell area measured in representative cryosections by
denisitometric image analysis (see in'’). The measurements were carried out on three cryosections stained
with Meyers hematoxylin, one section each from the beginning, middle and end of the twenty 20 um sections

used to obtain protein for the enzyme assays.

Results

Immunocytochemistry of RALDH2: Normal Breast Parenchyma

Immunoreactive RALDH was localized in the mammary epithelium in basal and luminal epithelial cells (Fig. 1).
Intensity of immunostaining varied greatly among individuals. There were no congistent differences in
immunostaining intensity between type I, type 2 and type 3 lobules. In many specimens there was intense
immunostaining associated wiﬂ; small blood vessels, sometimes surrounding weakly immunopositive lobules
(Fig 1 B, C and D). There was also immunostaining associated with larger blood vessels (Fig. 1B, bv). The
identity of occasional large immunopositive cells in the inter- and intralobular stroma in some specimens
remains to be determined (1A-2). The size of these cells and their general appearance suggests that they may

-be macrophages.

Immunocytochemistry of RALDHZ2: Breast Cancer

The pattern of RALDH2 immunostaining paralleled our previously reported observations on the pattern of
UGT2B7 immunostaining. Advanced invasive cancers were essentially RALDHZ immunonegative (Fig. 2). In
contrast, within in situ and intraductal cancers, RALDH2 immunostaining was intense (Fig. 3). Blood vessels

associated with in situ lesions were also strongly immunopositive. However, we noted a few lesions with in situ




morphological characteristics that were occupied by cells with little or no RALDH2 immunostaining (4-E). Sites
- of transition from in situ to invasive lesions were largely occupied by essentially immunonegative cancer cells
(Fig. 3-C, 3-G and Fig. 4-A and 4-B). Thus, the heterogeneity of immunostaining could be related to the
presence in tissue sections of lesions at different stages in the progression of the disease (Fig. 4 B).
According to this interpretation, cancer cells that over-express RALDH2 predominate at the in situ stage of the
disease when the lesion is still confined within an intact myoepithelial barrier. The breakdown of this barrier
allows for the emergence of cancer cells of the invasive immunophenotype that express little or no RALDH2.
Experiments in which sections were immunostained for both RALDH2 and a-smooth actin (Fig. 4-C to 4--F)
support the notion that the low RALDH2 expressing invasive phenotype correlates with breaches in the
myoepithelial layer. Circumscribed lesions of in situ phenotype that were occupied by immunonegative cancer

cells were seen to be surrounded by at most fragments of a-smooth actin (Fig. 4-E and 4-F).

Immunoblotting of Proteins Separated by Agarose IEF Gel

The presence of RALDH2 protein identified by immunocytochmistry was confirmed by immunoblotting of
proteins separated based on differences in their pl. The pH range of 3-10 used encompasses the pl all
RALDHs identified in vertebrates to date (range from pH4-pHS). There is as yet no detailed information on the
characteristics of RALDH2(s) in humans. Hence, for interpreting results from these experiments we have to
rely on information available on RALDH2s in experimental animals.

Immunoreactive bands from human breast parenchyma clustered between pH 5-6 that is characteristic
of RALDH2. The multiplicity of bands suggests the presence of RALDH2 isoforms of the enzyme. There was
no immunostaining of protein(s) in pH 8 range that is characteristic of RALDH3 (also referred to as RALDHS).
The intensity of immunostaining ranged from strong to minimal. The large differences among tissue samples
in the percent of the tissue occupied by immunoreactive cells and in cell density and heterogeneity of
neoplastic lesions (see in'” and Table 1) preclude any meaningful quantitative comparisons among samples.
A band corresponding to pl of 5.13 was present in all samples, whether normal or neoplastic. A second band,

corresponding to a pl of 5.0 was clearly seen in 11 of the 18 samples analyzed. Its intensity was highest in the
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samples from a patients with cancer found by immunocytochemistry to be occupied by many intensely
immunopositive in situ lesions. This intense band, corresponding to a pl of 5.0, was also seen in a sample of
histologically normal tissue taken distant from the cancer from one of the patients and in one of the normal

tissues from a patient with macromastia.

543

N CA NICA N CA N N N ca*

Figure 5. RALDH2 immunoblots of homogenates of normal (N) and neoplastic (CA) human breast
parenchyma following separation of the proteins by isoelectric focusing. Tissue homogenates were
prepared and isoelecric focusing carried out as described in “Methods”. 5.13 corresponds to the localization of
_-lactalbumin marker (pl of 5.13). N=-normal tissue from reduction mammoplasty: N/CA=histologically normal
tissue from a patient with breast cancer taken from a site distant from the cancer: CA*=tissue neoplastic tissue

from a patient with multiple in situ lesions of the comedo that stained intensely for RALDH2.

Retinol Dehydrogenase Activity

The assays were carried out on disrupted cryosections. This facilitates disrupting the collagenous normal
breast parenchyma and provides a means to estimating cell density in the tissue samples by measuring
nuclear area in representative section by densitometric image analysis. In tissue from fouf normal (reduction
mammoplasty) surgical specimens, the percent of the specimen assayed that was occupied by nuclei ranged
from 1.4 to 7.5% and that from the cancers from 7.18 to 45%. Corrected for cellularity, enzyme activity in the
four non-neoplastic samples ranged from Q:,59 to 12.2. This large difference is consistent with the inter-
individual differences in the intensity of RALDH2 immunostaining identified by immunocytochemistry. Retinal

dehydrogenase activity of neoplastic specimens, corrected for nuclear area, ranged from.07-7.2. The highest
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activity (7.18) was associated with tissue from a patient with extensive, intensely RALDH2 immunopositive in
situ lesions, while the lowest activities (0.07 and 0.20) with tissue from two advanced, highly invasive cancers

that were essentially immunonegative.

Normal Cancer
RALDH Nuclear .RALDH *Nuclear
Subject | Activity* | Area (%) Subject | Activity | Area (%) Pathology
1 0.69 7.50 1 0.07 12.80 Advanced Invasive
2 2.21 1.65 2 0.20 45.00 Advanced Invasive
3 2.51 1.40 3 2.89 19.20 Invasive + Normal (Approx. 1:1)
4 12.20 7.10 4 7.20 7.18 In situ (comedo) prominent

Table I. Retinol dehydrogenase activity of normal and neoplastic breast parenchyma. Enzyme activity
was measured in triplicates samples by a reporter assay in cytosolic fraction prepared from homogenates of
cryosections as described under "Methods". Percent area occupied by hematoxylin stained cell nuclei in three
representative sections from each specimen was measured by densitometric image analysis. The values
obtained for nuclear area were then used to correct for differences in cellularity among specimens. * 8
galactosidase activity expressed as colorimetric reading in an ELISA plate reader and corrected for percent
nuclear area.

Discussion

That tumor suppressor functions of RA may be compromised in breast cancer, in part, because a lack of or low
level of expression of some of the enzymes required for RA biosynthesis was first sugge-sted by findings from
studies of breast cancer cells lines in vitro'>'® These include the observation by Rexer et al., that MTSV-1.7,
an immortalized non-transformed cell line, but not the MCF-7 transformed cells express RALDH6 and convert
retinal to RA'.

Findings from studies of the expression of RALDH2 in normal and neoplastic human breast

parenchyma reported here, together with our previously reported findings on the expression of UGT2B7 in the
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two types of lesions'’, reveal a more complex story. They show that while a lack of or low level of expression
of enzymes tissue levels of RA is a characteristic of invasive components of breast cancers, the expression of
these same enzymes within in situ lesions is typically greatly increased. A similar divergent effect of cancer
progression on some other gene products important for RA homeostasis is suggested by studies by others.
Using in situ hybridization, Lawrence et al, identified an increase in RXR mRNA in ductal carcinomas in situ
(DCIS) as compared to normal mammary epithelium®. Also, when protein expression profiles of normal
terminal lobular ductal units and in situ breast cancers were compared, CRABP2 was among the proteins
found to be increased in DCIS®. Interestingly, this finding parallels an observation made over two decades
ago by Kunge et al®®. These investigators, using amultiphasic polyacrylamide disc gel electrophoresis, reported
finding elevated cellular RA binding activity in displastic and preneoplastic breast lesions.

A decrease or lack of expression of genes required for RA biosynthesis and action in invasive
components of breast cancers is consistent with retinoids many tumor suppressor functions. However, the
marked increase in their expression within in situ lesions can not be readily reconciled with retinoids' role in
tumor suppression. It is noteworthy that some of the most intense immunostaining for RALDH2, as for
UGT2B7", was seen in comedo carcinomas, lesions associated with particularly poor prognosis (see in®.
Similarly, Lawrence e. al., noted the greatest increases in RXR mRNA in commedo carcinomas®. Hence, thé
difference in RALDH2 protein between in situ and invasive breast cancer can not be attributed simply to a
progressive loss of expression of RALDH2 with acquisition of a more aggressive phenotype. Rather, it
suggests some fundamental phenotypic differences between cancer cells within in situ and invasive lesions
that may depend on the differences in the microenvironment in the two types of lesions.

The importance of the microenvironment as a determinant of differentiation of both normal and
neoplastic epithelial cells has been demonstrated in a number of exberimental settings. In situ lesions are
defined by an intact myoepithelial/basement membrane layer, and a loss of integrity of this layer is the sine qua
non of invasiveness. There is growing evidence that the myoepithelial/lbasement membrane layer provides not

only a physical but also a biochemical barrier that limits the access of endo- and xenobiotics to the mammary

epithelium. Hence, its integrity is likely to be critical for maintaining differences between the microenvironment
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of the mammary epithelium and surrounding stroma. In our studies, the relationship between an intact
myoepithelial layer and immunophenotype of cancer cells was evident in tissue sections immunoreacted for
both RALDH2 and a-smooth actin. Together, these considerations lead us to postulate that within
microenvironment maintained by the myoepithelial/basement membrane barrier, cancer cells are driven
towards differentiation, and that breakdown of this barrier allows cancer cells of a less differentiated phenotype
to proliferate and invade the surrounding stroma. The increased expression of genes that serve to maintain
local levels of RA could then be one of the driving forces toward differentiation in the in situ cancers.

The notion that the differences in immunophenotype of cancer cells within in situ and invasive lesions
reflects a difference in their state of differentiation, and that this is related to the integrity of the myoepithelial
barrier, is supported by observations of the expression of certain other presumptive markers of differentiation.

Man et al. have presented .compelling immunocytochemical evidence that cancer cells within in situ lesions are
overwhelmingly ER o positive, while those at sites of invasion are overwhelmingly ERa negative®'. These
findings parallel our immunocytochemical findings on the expression in breast cancers of P450 aromatase, the
key enzyme in estrogen biosynthesis, as well as P4501B1 and P4503A4 that are estrogen-4- and estrogen-2-
hydroxylases, respectively (Weisz et al. unpublished). Evidence, as yet more limited, indicates that the two
populations of cancer cells differ also in their genotype. ERw positive and ERo. negative breast cancer cells
isolated from the same duct were shown to differ in the frequency and pattern of loss of heterozygosity and
microsomal instability at 10 of 15 DNA markers examined®'. |

In as much as differentiation limits the number of replications that cells may undergo before
senescence, the drive for differentiation on cancer cells within in situ lesions can be interpreted as a defensive
response. Conversely, the less differentiated cancer cells that can evolve once the myoepithelial/basement

membrane barrier is compromised would be expected to have a greater replicative potential. This prediction is

borne out by finding of Man et al. of an inverse relationship between expression of ERa and Ki67 within in situ

and microinvasive lesions®'.
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According to the above hypothesis, expression of RA receptor(s) would be expected to be associated
with the differentiated-in situ phenotype, and a lack of RA receptor(s) expression with the undifferentiated;
invasive phenotype. Whether this is the case can not be deduced from reported cytochemical studies of RA
receptors in breast cancer since the findings were presented as % of cells immunopositive for a particular
receptor and % of tissue samples with significant numbers of such cells. Hence, the need to re-examine
breast cancers for RA receptors from the perspective of how their expression correlétes with markers of
invasive and in situ phenotype. The contrast between the in situ and the invasive phenotype in our study was
most striking in tissue sections from cancers that encompassed both types of lesions. With the large and
growing number of breast cancer patients in whom the diagnosis is made at a relatively early stage of the
disease, such heterogeneous sections are becoming the norm. They offer a unique opportunity to characterize
changes in pheno- and genotype of cancer cells in lesions that represent stages in the progression of the
disease from its in situ to invaéive stage.

A critical question is whether over-expression of RALDH2 and UGT2B7 in pre-invasive lesions does, in
fact, results in elevated levels of RA and its potent metabolite, retinoyl-B-glucuronide. The effect of an
increase in rate of RA biosynthesis could be negated if it results in induction, for example, of CYP26 that
catalyzes the oxidation of RA. There are no assays currently available sensitive enough to determine
concentration of RA or its glucuronidated metabolite in discrete, cytochemically characterized cell populations
isolated from breast cancers. The question could, however, be addressed indirectly by assessing the level of
expression of RA inducible genes in the two types of lesions. This is of importance because of the potential
detrimental effects of excess RA and because of an interest in using retinoids in chemoprevention. Although
toxicity of excess RA has long been recognized, very little is known about mechanisms underlying this
phenomenon. Some of the consequences of excess RA identified could be pro-carcinogenic. For example,
inappropriate induction of n-glycine-methyltransferase by RA®? could lead to aberrant gene expression by
creating or contribuﬁng to a state of hypomethylation DNA*. The potential of RA at high concentrations to

promote the breakdown of RA receptors a and vy, at least in vitro, in MCF-7 human breast cancer cells®,

suggests a further mechanism by which overproduction of
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RA could contribute to carcinogenesis, Together, these observations point to the impbrtance of a need to
understand mechanisms associated not only with RA deficiency but also RA excess.

The finding of elevated RA in pre-invasive lesions could explain some of the disappointing and even
adverse results from clinical trials using RA agonists as chemopreventive agents in subjects at high risk for
some solid tumors, including breast cancer®. If, as our data suggests, RA may already be produced in excess
in pre-invasive lesions, exogenous RA or its agonists would not be expected to have a beneficial effect on
cancer cells within in situ lesions. On the other hand, cancer cells of the undifferentiated, invasive phenotype
would not be expected to respond to retinoids if they do not express the relevant RA receptors. There is a
clear need to characterize the phenotypically and genotypically diverse populations of neoplastic cells present
in cancers and at different stages in the progression of the disease, in order to identify appropriate molecular,
stage-specific targets for intervention. Techniques already exist, and additional ones are being developed, for
characterizing discrete cell populations within a cancer, for establishing their topography ‘and their relationship
to each other. These techniques can also help identify factors in the microenvironment that may be important
for driving or sustaining the diversity. Mathematical models have been developed to characterize population
diversity in other system and to predict the consequences of interventions. Intriguing results have been
obtained when one such analytical tool, metapopulation analysis, was applied to examine genotypic diversity in
advanced colon cancer specimens and phenotypic diversity during stages in the development of estrogen-
induced renal cancers in hamsters®*. The findings from these studies suggest that diversity in cancers is not
random and that interactions between cell populations may determine, drive and sustain the diversity. The
success of early detection of breast cancer has led to an exponential increase in the proportion of patients in
whom the disease is identified at the pre-invasive and early invasive stages of the disease®. Those diagnosed
with jn situ disease are estimated to account now for one in five breast cancer cases. There is an urgent need
to apply such methodologies to characterize the genotypic and phenotypic diversity present in pre-invasive and
early invasive cancers in order to identify appropriate molecular targets for intervention in such cases.
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Abstract

Background: Our previous studies revealed that'a subset of estrogen receptor (ER) positive mammary
ductal carcinoma in situ (DCIS) contained focally disrupted myoepithelial (ME) cell layers that were
preferentially overlain by ER negative cell clusters, which showed a substantially higher rate of loss of
heterozygosity and cell proliferation than their adjacent ER positive counterparts within the same duct.
This study attempted to assess whether these cells also had a different profile of mRNA expression in
tumor progression and invasion related genes.

Design: Consecutive sections were prepared from frozen tissues of 30 DCIS with chally disrupted ME
cell layers. Sections 1, 10, and 20 from each case were double immunostained to elucidate ME layer
disruptions and overlying ER negative cells, while remaining sections were used for microdissection of
ER negative and positive cells within the same duct. Microdissected cells were subjected to RNA
extraction and amplification. Amplified RNA was converted to biotin-labeled cDNAs, which were
interrogated with “Cancer PathwayFinder” arrays.

Results: A total of 15 genes were found differentially expressed, and of which, 11 (73.3%) were seen
predominantly in ER negative cells, 2 (13.3%) were mainly in ER positive cells, and 2 (13.3%) were
equally expressed in ER negative and positive cells. The difference in mRNA expression frequencies
between negative and positive cells was statistically significant (p < 0.01). Of'the 11 up-regulated
genes in BR negative cells, 6 are involved in apoptosis and cell cycle control, 2 in cell adhesion, one in
signal transduction, one in angiogenesis, and one in invasion and metastasis.

Conclusion: ER negativé cells showed a substantially higher frequency and level of mRNA expression
for multiple tumor progression and invasion related genes than their adjacent ER positive counterparts,
suggesting that they are biologically more aggressive and some of which might represent the precursor

of invasive lesions.



- Key words: Ductal carcinoma in situ; Tumor progression and invasion; Myoepithelial cell layer;

cDNA microarray; Marker genes; mRNA expression.

Introduction

The epithelial component of normal and non-invasive human breast tissues is physically
separated from the stroma by both the myoepithelial (ME) cell layer and basement membrane. ME
cells are joined by intercellular junctions and adhesion molecules, forming a continuous sheet or belt
that encircles the epithelial cells (1-3). The basement membrane is composed of a group of fibrous
proteins embedded in a hydrated polysaccharide gel, constituting a continuous lining surrounding and
attaching to basal cells via hemidesmosomes and focal adhesion complexes (4-6). Both the ME cell
layer and basement membrane are permanent normal structural constituents, which normally only
allow the exchange of water, oxygen, and other small molecules between the epithelial and stromal
components (1-6). Due to the interposition of the ME cell layer and basement membrane between the
stroma and epithelium, tumor cells must first force through the ME cell layer followed by the basement
membrane in order to physically reach the stroma. In other words, the disruption of both the ME cell
layer and basement membrane is an absolute pre-requisite for tumor invasion and metastasis.

As invasive and metastasized tumors account for a vast majority of breast cancer related-deaths
(7), the identification of the mechanism(s) of tumor invasion and the precursor of the invasive lesions
are expected to lead to more effective therapeutic approaches to reduce breast cancer mortality. The
generally accepted hypothesis for the cause of basement membrane disruptions and tumor invasion has
been attributed primarily, if not solely, to an over-production of proteolytic enzymes by the tumor and
stromal cells (8-9). This hypothesis alone, however, appears to not reflect the intrinsic mechanism of

these events for three main reasons: [1] neither the normal cellular kinetics nor the dynamic alterations



of ME cells during tumor invasion have been elucidated; [2] the ME cell layer is a normal structural
constituert, which should not be target of the host’s own enzymes, and [3] although results from in
vitro tests and animal models have well documented that proteolytic inhibitors could effectively inhibit
and prevent tumor invasion, results from all proteolytic inhibitors based hﬁman clinical trials have
been very disappointing (10-11).

While attempting to identify the early sign of ME layer disruptions and precursor of invasive
breast lesions, we have recently carried out a number of studies, focusing on the correlation between
the structural integrity in ME cell layers and the immunohistochemical and genetic profiles in adjacent
epithelial cells. In 5,698 duct cross sections from 220 patients with estrogen receptor (ER) positive,
non-invasive breast tumors, we detected a total of 405 focal ME cell layer disruptions, defined as the
absence of ME cells resulting in a gap equal to or greater than the combined size of 3 ME or epithelial
cells (12). Of these disruptions, 350 (86.4%) were ov§rlaid by clusters of cells with no or substantially
reduced ER expression, in a sharp contrast to their adjacent cells within the same duct, which showed
uniform and strong ER immunoreactivity and overlaid a non-disrupted ME cell layer (12). Compared
to their adjacent ER positive counterparts within the same duct, microdissected ER negative cells had a
substantially higher frequency and different pattern of loss of heterozygosity at multiple chromosomal
loci, including those harboring tumor suppressor genes fragile histidine triad (FHIT) and Wilms’ tumor
1 (WT-1) (12-13).  Cells in ducts with these clusters also showed a significantly higher (p < 0.01)
proliferation rate, 18.2% versus 3.6% and 19.9% versus 4.4%, compared to cells in morphologically
comparable ducts without ME cell layer disruptions, assessed by immunohistochemical staining for
Ki-67 in three separate studies (14-16).

As it has been well documented [1] breast turnor progression is paralleled by a progressively

hormonal independence (17-18), [2] ER negative tumors have a substantially worse prognosis than ER




positive tumors (19-20), [3] a deregulated cell proliferation is a direct cause of malignancies (21-22),
the current study attempted to test a hypothesis that these ER negative cell clusters might represent a
biologically more aggressive clone and some of these might be the direct precursor of invasive lesions.
Consequently, these ER negative cell clusters might have a substantially different expression profile
for tumor progression and invasion related genes, compared to their adjacent ER positive counterparts
within the same duct. The specific goal of this study was to identify the potential “signature” gene(s)
exclusively or preferentially expressed in these ER negative cell clusters that could be utilized for the

development of therapeutic agents for early detection, treatment, and prevention of breast tumors.

Materials and Methods

Case selection and immunohistochemical staining

A set of 5-7 consecutive sections at 5-7pum thickness was prepared from each of 200 frozen
breast tissue samples selected from our tissue bank. The first and last sections from each case were
stained with hematO);ylin and eosin (H & E) for morphologically classification based on our published
criteria (23). A total of 130 cases were found to contain multiple (> 3) clusters of DCIS, and were
consequently selected for immunohistochemical assessment. The sections were fixed in 100% ethanol
for 10 minutes at room temperature, washed in 1X TBS (pH 7.4) three times, each for 10 minutes, and
incubated with normal goat serum (diluted 1 in 5 with TBS) for 10 minutes at room temperature. The
sections were then incubated with a monoclonal antibody to ER (NCL-ER-6F11, Vector, Burlingame,
CA) for 1-2 hours at room temperature. After the incubation, sections were washed in TBS, and the
antigen-antibody complex was detected with the ABC method, using a DAB substrate kit with nickel
solution (Vector, Burlingame, CA), as previously described (24). After the substrate reaction, sections

were washed in tap water, incubated in 80 °C TBS for 5-10 minutes to inactivate the potential enzyme



residues, followed by 3 washes in TBS at room temperature, each for 3-5 minutes. Sections were
incubated with a monoclonal antibody to smooth muscle actin (SMA, NCL-SMA, Burlingame, CA)
for 60 minutes at room temperature. The antigen-antibody complex was detected with the ABC
method, using an AP-red substrate kit (Zymed, San Francisco, CA). Seqtions were counterstained
with hematoxylin, mounted with 3% gelatin, and examined under a microscope to identify the cases
that contained focally disrupted ME cell layers and associated ER negative cell clusters, as previously
described (12). A total of 30 such cases with large (>15 cells) ER negative cell clusters were selected
for further analyses. Of these cases, 11 were collected four years ago, and 19 were recently collected
(no more than 12 months). To assess the histological origin of these ER negative cell clusters, a set of
2 adjacent sections from each case were immunostained for both epithelial and stromal phenotypic
markers, with monoclonal antibodies to epithelial specific antigen (ESA) and vimentin (Vector,

Burlingame, CA), respectively.

Microdissection of ER positive and negative cells for RNA extraction

For each selected tissue block, 20 consecutive sections at 10-12 pm thickness were made,
sequentially placed on positively charged microscopic slides, and stored in a —80°C freezer. To |
prevent carryover, which may interfere with the molecular biologic assays, a new blade was used for
each tissue block. Sections 1, 10, and 20 from each case were double immunostained for ER and
SMA, as described above. The ER negative cell clusters overlying focally disrupted ME cell layers
were first identified in immunostained sections, which were used as guides to locate the same lesions
in adjacent sections. Adjacent sections were washed in TBS in ice three times, each for 3-5 minutes,
and briefly stained in an ice-cooled hematoxylin solution, followed by three washes in TBS in ice, each

for 2-3 minutes. To prevent RNA degradation and facilitate the collection of microdissected cells,



only 3-4 sections were processed each time, and sections were soaked in ice-cooled TBS solution
containing RNAse inhibitors and 20% glycerin. Microdissection was carried out under a standard
microscope using 30 G needles. The unwanted tissues surrounding the duct of interest were carefully
scraped and washed off with the needle and TBS first, leaving the duct untouched. Then, ER positive
cells (which usually account for a vast majority of the total cells) were carefully collected, leaving ER
negative cells untouched. After the collection of ER positive cells, the slide was carefully examined
first under a 4X objective and then under a 20X objective, to completely remove all unwanted cells and
debris. Then, ER negative cells were carefully scraped off with a new needle or blade. Microdissected
ER positive and negative cells were separately placed into two different micro-centrifuge tubes with
the same RNA extraction buffer (Arcturus Bioscience, Inc, Mountain View, CA). The cells collected
from different sections were pooled, based on their ER expression status. To ensure the comparison
was carried out under the same conditions, the number of microdissected ER positive and ER negative
cells in each case was very similar, and dissected cells were treated under the same condition during
the entire process. Overall, 30 pools of ER positive and 30 pools of ER negative cells were collected
and the samples were paired based on the origin, i.e., the cells from the same duct were in the same

pair for subsequent tests.

RNA extraction, amplification, and aRNA labeling

The PicoPure™ RNA Isolation Kit from Arcturus Bioscience, Inc (Mountain View, CA) was
used for the mRNA extraction from microdissected cells, according to the protocol provided by the
manufacturer. The extracted mRNA was linearly amplified using RiboAmp® OA 1 Round RNA

Amplification Kits (Arcturus Bioscience, Inc, Mountain View, CA). The amplified antisense RNA



(aRNA) products from different samples were converted to biotin-labeled cDNA, using the

AmpoLabeling kit from the SuperArray Bioscience Corporation (Frederick, MD).

cDNA microarray gene expression profiling and data analysis

To concentrate our effort on the genes known to be involved in tumor progression and invasion,
the Cancer PathwayFinder GEArray (SuperArray Bioscience Corporation, Frederick, MD), a focused
cDNA microarray with the sequences of 96 genes that control cell cycle, apoptosis, adhesion, growth
factor signaling, angiogenesis, and metastasis was used. Labeled cDNAs were hybridized to the array
and processed according to the instruction by the manufacturer (SuperArray Bioscience Corporation,
Frederick, MD). Chemiluminescent array images were captured and digitized using the FluorChem
8800 Imaging System (Alpha Innotech, San Leandro, CA). Each pair (ER positive and ER negative
samples from the same duct) of the datasets was exported to GEArrayAnalyzer, a software developed
by SuperArray. For each gene spotted on the array, if the integrated density value (IDV) was equal to
or greater than the 1.5x of the median IDV of the array, the expression of the gene was considered
“present”’; otherwise, this gene was considered “absent” in the sample. While comparing the relative
expression level of the same gene between two samples of the same pair the minimum IDV was used
for background subtraction, and subsequently the median value was used for normalization. Tﬁe
expression level of a given gene was considered higher in one sample only if 1> this gene is “present”
in the sample and 2> the normalized IDV of this gene is equal or greater than 1.2 fold that of its
counterpart on the paring array. A gene is considered equally expressed in both samples only when
1> this gene is “present in both samples, and 2> the normalized IDV of this gene is bétween (not

including) 0.8 to 1.2 fold that of its counterpart on the pairing array.



Identification of signification genes for ER negative cells and verification of the results

After the analysis; the top up-regulated genes identified in ER negative cells were selected for
further assessment, to détermine whether they, as a set, could be used as signature genes, or biomarkers
for ER negative cells. The ratio of the total number of the up-regulated genes over the total number of
the down—régulated genes within the gene set in these 20 informative cases was calculated, using the
ratio >= 2 as the standard for ER negative cells. ‘To further assess whether this gene set could be used
as biomarkers to differentiate cells overlying focally disrupted ME cell layers (or basal cell layers in
prostate) and the adjacent cells within the same duct, additional tissue samples of DCIS and prostatic
intraepithelial neoplasia were selected for further assessment with this gene set. The breast samples
were processed with the same method described in the “Materials and Methods” section without
modification. The proétate tissues were first immunostained for cytokeratin 34BE-12, the most
commonly used phenotypic marker for basal cells; then, tumor cells near and aWay from focally
disrupted bésal cell layers were separately microdissected and processed for migroarrays, using the
same method in the “Materials and Methods” section without modification. The expression profiles
of this gene set between two cell types of the same pair were assessed, using the same method listed
above. The results of cDNA gene expression profiling were verified, using the real time RT PCR

method.

Results
Morphologic and immunohistochemical features of ER negative cell clusters
The morphologic and immunohistochemical features of ER negative cell clusters overlying
focally disrupted ME cell layers in selected cases are shown in Figure 1. The cells in all these ER

negative clusters were negative to stromal phenotypic markers viementin and SMA, whereas were




positive to the epithelial specific antigen (data not shown), indicating that they are epithelial in nature.
The size of these clusters varied substantially, from about 30 (Figures 1a and 1d) to over 300 (Fig 1h)
cells in a given section. Morphologically, the cells consisting of each cluster and among clusters were
identical or similar, while differed markedly from their adjacent ER positive counterparts within the
same duct in size, shape, density, and polarity (Fig 1). The cells in these clusters were generally
densely packed and arranged as triangle-shaped edges “protruding” or “puncturing” into the stroma,
facilitating the separation from their adjacent ER positive counterparts within the same duct, or from
the surrounding stromal tissues (Fig 1). A vast majority of these ER cell clusters occurred in DCIS,
while about 10% of them were seen in normal and hyperplastic ducts, consistent with our previous

findings in paraffin-embedded tissue sections (12).

The collection of ER negative and ER positive cells

As described above, ER positive and ER negative cells were relatively easy to be separated,
because of their unique morphology and distribution. The ER positive and negétive cells were also
relatively easy to be collected into the tubes, due to the pre-removal of unwanted tissues and addition
of glycerin, which is very viscous, facilitating the formation of a cell mass that can be easily seen and
picked up. The collection of a large number of ER negative cells, however, was often difficult or
impossible, because the ER negative clusters in a majority of the cases were present at no more than
five sections. Due to this reason, the ER negative cells collected for RNA extraction in one third of
our selected cases were less than 200 per case. The number of ER negative cells collected in the
remaining cases varied substantially, from about 200 to 2000 cells per case, with an average of about

250 cells per case.
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‘Gene expression profiles between ER negative and ER positive cells

We started with 30 pairs of samples, while 10 of which had to be discarded because of the .
apparent problem of RNA degradation. The samples from the remaining 20 cases were subject to
further analysis. -

Among the 96 genes spotted on the array, 83 were scored “present” at least once on the arrays
(see Material and Method section for the definition of “present”). Among these 88 genes, 15 were
scored “present” on more than a half or all of the 20 pairs examined. Of these 15 genes, 11 (73.3%)

-were predominantly expressed in ER negative cells, 2 (EGFR and TNF; 13.3%) were slightly more in
ER positive cells, and 2 (13.3%) were equal in two different cell types (Table 1). The difference in
the expressing frequency of these genes between ER negative and ER positive cells was statistically
significant (p < 0.01; Table 2).

The most noticeable difference was seen in genes for apoptosis and cell cycle control, in which
all the 6 genes were predominantly expressed in ER negative cells (Table 1). The second noticeable
difference was seen in genes for cell adhesion, in which 2 of the 3 genes were predominantly expressed
in ER negative cells, and the difference between ER negative and ER positive cells WéS more than 3
folds (Table 1). The genes for invasion and metastasis, and signal transduction related molecules were
also mainly expressed in ER negative cells. On the other hand, 2 of the 3 genes fér angiogenesis were
mainly expressed in ER positive cells (Table 1). Collectively, among a total of 247 informative _pairs
with measurable signals in both ER positive and negative cells of these 20 cases, 134 (54.3%) showed
a higher expression in ER negative cells, 69 (27.9%) showed a higher expression level in ER positive
cells, and 44 (17.8%) showed an equal expression in two cell types (Table 1). The differences among

those were statistically significant (p < 0.05; Table 1). The cDNA microarray images in selected cases

were presented in Figure 2 (a-c).
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The value of signature genes in differentiation between ER negative and positive cells

The expression level of this gene set appeared to be useful in the differentiation between ER
negative and ER positive cells. As shown in Table 3, a majority of the genes within this set showed
the up-regulation in ER negative cells in 15 (75%) of the 20 cases, using the ratio >= 2 as the standard
for ER negative cells. The relative expression levels of these 6 genes in 3 newly selected sample pairs
were shown in Table 4. In the breast samples, 11 of the 12 (91.7%) compared pairs showed a clear
distinction between ER negative and ER positive cells, using the same standard for ER negative cells.
The same pattern was seen in prostate samples (Table 4). The up-regulations of these genes were

confirmed by the results of real-time RT PCR (data not shown).

Discussion

In previous studies, we revealed that a subset of ER positive mammary DCIS contained focally
disrupted ME cell layers that were exclusively or preferentially overlain by ER negative cell clusters
(12-14,16). Compared to their adjacent ER positive counterparts within the same duct, these ER
negative cells had a significantly higher rate of proliferation and LOH at chromosomal loci harboring
tumor suppressor genes FHIT and WT-1 (12-13), suggesting that these cells might have genetic
alterations in cell growth (including apoptosis and cell cycle control) related genes. Our current study
reveals that all the six genes for apoptosis and cell cycle controls are predominantly expressed in ER
negative cell clusters, supporting our previous findings and speculation. Our current study furtﬁer
reveals that these ER negative cell clusters also have a higher expression for genes involved in cell
adhesion, invasion and metastasis, and signal transduction, compared to their adjacent ER positive

counterparts within the same duct.
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Our findings are consistent with those of a recent study, which reveals that microdissected cells
from the periphery and the center of the same.DCIS or invasive breast cancers have a substantially
different frequency and pattern in the expression of 22 genes, assessed with Atlas human Cancer 1.2
Arrays containing 1176 known genes (25). In the DCIS, 9 genes are up-regulated (1.59 — 2.24-fold) in
the peripheral rim relative to the center of the same DCIS. Of the 9 up-regulated genes, 6 (66.7%) are
associated with apoptosis and cell cycle control (25). In the invasive lesions, several metastasis related
genes, including RhoC, EF-1a, and TSG101, are differentially expressed between cells from' the center
and infiltrating edge of the same invasive component (25). Our findings are also in an agreément with
those of a previous study that compared the mRNA expression profiles between cellé microdissected
from the invasive edge and tumor core of human glioblastomas, using the differential display method
(26). In that study, about 50-60 differentially expressed cDNA bands were detected in cells located at
two different locations of the same tumor (26). One of the sequences preferentially overexpressed by
the invasive cells showed 99% homology to the P?;l 1 gene, a putative invasion associate:d gene (26).
Our findings are also in line with those of a previous study using reverse-phase protein microarrays,
which detected a significantly elevated activation of pfe—survival pathways at the invasion front during
the progression of human prostatic intraepithelial neoplasia to invasive cancer (27).

The differential gene expression between cells at different locations of the same tumor could
results from the differences in the distance of tumor cells to the stroma, or the extent of interactions
with the stroma.  As the epithelial component of the breast is normally devoid of lymphatic ducts and
blood vessels, it totally depends on the stroma for its needed materials for normal metabolism, growth,
and function. Consequently, the cells near the ME cell layer and basement membrane and the cells at
invasive edges are supposedly to be biologically and functionally more active with a higher level of

gene expressions than luminal cells within the same duct. Therefore, a deregulated cell proliferation



near a focally disrupted ME cell layer is likely to be more lethal than a similar growth near the duct
lumen, as the former has a greater advantage to invade the stromal and vessels. Although not all the
up-regulated genes in the periphery of the tumor are obligated to promote tumor progression or |
invasion, they may trigger reciprocal interactions between the tumor and stromal cells, which may
subsequently result in pathologic alterations in both tumor and surrounding stromal cells. Previous
studies in our and other laboratories have répeatedly demonstrated that tumor cells of the breast, lung,
and cervix share a higher degree of common genetic and biochemical alterations with the surrounding
stromal cells (28-32).

Alternatively, the differential gene expression might result from the difference in tumor stages.
Previous studies have suggested that the progression and invasion of breast tumors are initiated and
driven by a sequential or progressive expression of tumor stage-related “signature” genes (33-34),
recapitulating the normal developmental process. As the disruption of the ME cell layer and basement

.membrane is an absolute pre-requisite for tumor invasion and metastasis, these genes are likely to be
exclusively or preferentially expressed at the invasive edge near the focally disrupted ME cell layers
‘and basement membrane at the early stage. Also, as genetic altergtions not only determine the scope
and extent of, but also precede, morphological and biochemical alterations, these genes are very likely
to be expressed at the precursor of invasive lesions at the pending invasive sites. These up-regulated
genes, especially those that are responsible for the initiation events, however, might not be detectable,
as the cells involved are likely to be limited in number (35), and their genetic presentation could be
masked by the luminal cells, which generally account for a vast majority of the total cell population.

In either case, however, the up-regulation of these genes in a given location, especially those at
or near focally disrupted ME cell layers, is likely to result in variable consequences, depending on the

nature of the involved cells. If they are fully differentiated, no substantial alteration may be detectable.
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If they are partially differentiated, a limited or mild increase in cell proliferation might be seen, which
ma¥ lead to a localized stromal invasion. If they are primitive stem cells, an extensive, localized cell
proliferation may be seen, which may lead to the formation of new structures with normal morphology
and-functions (36-37). If they are mutated stem cells, a series of events that markedly differ from the
cell proliferation mediated by either the primitive stem cells or differentiated progenitors might take
place. Previous studies have shown that a mutated stem cell is capable of giving rise to multiple cell
types and tissue structures, including blood vessels and lymphatic ducts (38-39). Thus, the elucidation
and characterization of the “signature” genes exclusively or preferentially expressed in cells overlying
or near disrupted ME cell layers could potentially lead to the development of novel therapeutic agents
that specifically target on these gene products, providing more effective and less toxié means for the
early detection, treatment, and prevention of breast tumors. A previous study has revealed that the
progression of malignant melanomas is correlated with an increased expression of integrin subunits by
the melanoma cells, while synthetic Arg-Gly Asp (RGD)-containing peptides that disrupt integrin
functions, could effectively inhibit melanoma invasion (40-41).

The ER negative cell clusters seen in the current study are likely to be generated by mutated or
primitive stem cells, for the following reasons. First, the cells consisting of a given cluster or among
clusters are morphologically and immunohistochemically identical or similar, suggesting a common
progenitor. Second, these clusters are exclusively located at or near focally disrupted ME cell layers,
perfectly matching the expected location of undifferentiated stem cells. Third, these clusters have a
significantly higher frequency and level of mRNA expression in all apoptosis and cell cycle control
related genes tested in this study. Fourth, our previoug study have revealed that a subset of these
clusters in a majority of the cases show a detectable expression of c-erb-B2, a well-defined onco-

protein, while all or a vast majority of their adjacent ER positive cells within the same duct are devoid

15




of the expression of this protein (42). Fifth, our previous studies have revealed that microdissected:
ER negative cells have a significantly higher rate of proliferation and LOH at the chromosomal loci
harboring tumor suppressor genes FHIT and WT-1, compared to the adjacent ER positive cells within
the same duct (12-13). These ER negative cell clusters are very likely to be biologically and clinically
more aggressive than their adjacent ER positive counterparts within the same duct, or represent the
precursor of invasive and metastatic lesions, because of the above features, along with a previously -
identified nature that about 15% of these clusters directly spread into tube-like structures that appear to
be blood vessels or lymphatic ducts (42).

It is not known whether or to what extent our hypothesis reflect the intrinsic nature of these ER
negative cell clusters, as our data are obtained from a small sample size, which might not reflect the
real status in the general population. However, given the facts that the disruption of both the ME cell
layer and basement membrane is an absolute pre-requisite for breast tumor invasion and metastasis,
and that ER negative cells are biologically and clinically more aggressive, our study and hypothesis
might have important scientific and clinical implications. In the scientific field, our findings and
hypothesis may be useful in reconciliation of the conflicting reports regarding immunohistochemical
and genetic profiles of the breast lesions, as our findings clearly implicate that those conflicts are likely
to result from the presence or absence of ME cell layer disruptions, and the differences in the nature
and growth pattern of the cells overlying or adjacent to ME cell layer disruptions. In the clinical field,
microdissection of these ER negative cell clusters and their adjacent ER positive counterparts within
the same duct for proteomics may lead to the identification of the specific protein(s) associated with
the early events of ME cell layer disruptions, tumor invasion and metastasis. The development of
antibodies or chemical reagents to target these cells might provide a more effective and less toxic

means to block tumor invasion at the very early stage. Also, microdissection of these ER negative
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cell clusters for tissue culture may lead to the establishment of useful cell lines that béneﬁt stem cell
researches. This is an ongoing prdject. Our current efforts are on the identification of the potential

unique genes that are exclusively expressed in ER negative cells, using more sensitive detection

methods.

Conclusions

ER negative cell clusters overlying focally disrupted ME cell layers displayed substantially
different morphological features, along with a significantly higher expressing level and frequency on |
all 6 tested tumor progression and im}asion related genes, compared to their ER positive counterparts
within the same duct. These ER negative cell clusters are likely to be formed by a clone proliferation

of mutated or primitive stem cells and some of them might represent the direct precursor of invasive

lesions.
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Table 1. Comparison of gene expression frequencies between ER (-) and ER (+) cells

Gene group Gene name | Higher in ER(-) | Higher.in ER(+) | Equal in both | Case number
Adhesion CD44 13 4 1 ‘ 18
CDH1 13 4 3 20
MUCI8L 5 5 2 12
Arngiogenesis EGFR 5 6 1 12
-‘ IFNA1 10 5 2 17
, TNF 5 9 6 20
Apoptosis BAX 9 4 0 13
CASP9 9 5 5 19
CFLAR 10 5 1 16
Cell cycle control | CDC25A 9 1 7 17
CDKN2A 10 4 2 16
RADS53 9 1 2 12
Inv & metastasis | NME4 10 4 6 20
TIMP1 6 6 3 15
Signal transduct | NFKBI 11 6 : 3 20
Total: 134 (54.3%) 69 (27.9%) 44 (17.8%) | 247
P: < 0.05

The frequencies of the higher and lower mRNA expression in all informative pairs (defined as the
presence of measurable signals in both ER negative and ER positive cells of the same pair) were
statistically compared with the Student-t-Test. '

Table 2. Comparison of the gene expressing level between ER (-) and ER (+) cells

Total genes

Higher in ER (-)

Higher in ER (+)

Equal in two

P

15

11 (72.2%)

2 (13.3%)

2 (13.3%)

<0.01

The frequencies of the higher mRNA expression among these 15 genes between ER negative and ER
positive cells were statistically compared with the Student-t-Test.
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Table 3. The expression level of 6 selected genes among different cases

Gene Case number Total
name 1 21345 617 9 (1011 {12 |13 |14 |15 |16 )17 ]18 |19 |20 |- |+
BAX + [+ - -1+ -1+ + |+ |[NI|NL|NI|[+ |+ [+ |[NI|NI|NI|NI|4 |9
CD44 . + |+ + - + 1+ + |- + |+ [+ |+ |+ |+ |+ INIINI]- 5 |13
CDH1 + l+ |+ -+ |+ |+ + |+ |+ |+ |- - - - + |+ |- + |7 113
CDKN2A | - e I o I I NI| - + + |+ NI [NI}|+ |+ |NIJ- 6 |10
CFLAR - ++ |+ |+ [+ |+ + |- + - + |+ |NI|NI|- - NI [NI|6 |10
RAD53 + |+ {+ |+ [N+ |+ + |- - + |+ |[NI[NI|NI|NI|NI|[NIINI[3 |9
-/case 3 1111211 110 0 |4 1 2 1 1 1 1 1 1 1 2 31
+/case 3 515|414 516 5 2 4 3 4 4 2 2 3 2 0 1 64

The ratio of the total number of the up-regulated genes over the total number of the down-regulated
genes within the 6-gene set was calculated, using the ratio >= 2 as the standard for ER negative cells.

+: The ratio >= 2.

regulation of this gene set in ER negative cells.

—: The ratio < 2. NI: Not informative. Note that 15 of the 20 cases show un-

Table 4. The expression level of 6 selected genes in newly selected breast and prostate tissues

Pair# Sample Gene Names
BAX | CD44 CDHI |CDKN2A |CFLAR | RADS53

1 A(ERD) 1.00 1.00 1.00 100 | 1.00 1.00

B (ER -) 630 | 5.00 12.60 | 3.20 4722 426
2 A (ER 4) 1.00 | 1.00 1.00 1.00 1.00 1.00

B (ER ) 6.15 | 3.70 4.18 418 5.12 1.84
3* A (Away) 100 | 1.00 1.00 1.00 1.00 1.00

B (Near) 256|227 5.00 0.81 250 232

L

* Prostatic intraepithelial neoplasia.

Cells away and near focally disrupted basal cell layers were microdissected and processed for cDNA
microarrays as described in “Materials and Methods”. The ratio of the total number of up-regulated
genes over the total number of down-regulated genes within the 6-gene set was calculated, using the

ratio >= 2 as the standard for ER negative cells.
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Figure 1. Morphological and ﬁnmunohistochemical features of ER negative cell clusters

Frozen human breast tissue sections were double immunostained for ER (black or brown) and
SMA (red). ER negative cell clusfers overlying focally disrupted ME cell layers were circled. The
same cells. and their adjacent ER positive counterparts within the same duct in adjacent sections were
microdissected for RNA extraction. Note that the number of ER negative cells among clusters varics
substantially, from about 30 (Figs 1a-1d) to over 300 (Fig 1h) in a given section, while the morbhology
of the ER negative cells within a given cluster or among clusters is very similar.

la-1g: 300X; 1h: 100X.

Figure 2. The cDNA microarray images in selected cases

Chemiluminescent arrdy images were captured and digitized using the FluorChem 8800
Imaging System (Alpha Innotech, San Leandro, CA). Each pair of the datasets was exported to
GEArrayAnalyzer, a software developed by SuperArray (Frederick, MD). For each gene spotted on
the array, if the integrated density value (IDV) was equal or greater than the 1.5x of the median IDV of
the array, the expression of the gene was considered “pfesent”; otherwise, this gene was considered
“absent” in the sample. The integrated density values in paired samples with distinct signals in both
ER negative and ER positive cells were measured and compared. The expression level of a given
gene was considered higher in one sample only if 1> this gene is “present” in the sample and 2> the
normalized IDV of this gene is equal or greater than 1.2 fold that of its counterpart on the paring array.
A gene is considered equally expressed in both samples only when 1> this gene is “present in both

samples, and 2> the normalized IDV of this gene is between (not including) 0.8 to 1.2 fold that of its

counterpart on the pairing array.
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Abstract
. Introduction: Our previous studies revealed that 4 vast majorify of estrogen receptor (ER) negative
cell clusters overlying focally disrupted mammary myoepithelial cell layers showed a significantly
elevated proliferation rate, whereas about 10% of these were completely devoid of the expression of
Ki-67, a most commonly used proliferation marker. This study attempted to assess whether these cell . -
clusters were also devoid of the expression of other proliferation and differentiation related markers
Methods: Fifteen cases of ductal carcinoma in situ containing focally disrupted myoepithelial cell
layers and ER negative clusters with no Ki-67 immunoreactive cells were selected from our previous
studies. Consecutive sections were immunohistochemically stained for proliferation, differentiation,
and other related markers.
Results: In addition to ER and Ki-67, these clusters also lacked the expression of other markers,
including PCNA, cyclin A, cyclin D1, p27, MMP-26, and BP1, in a sharp contrast to their adjacent ER
positive counterparts within the same duct, which expressed a high level of each of those markers. A
subset of these clusters in 9 (60%) of the 15 cases, however, showed untypical expression of c-erb-B2,
while all or a vast majority of their adjacent ER positive counterparts within the same duct were devoid
of the expression of this protein. Morphologically, cells consisting of each cluster and among clusters
were identical or similar, while differed markedly from their adjacent ER positive counterparts within
the same duct in size, shape, density, and polarity. Cells in these clusters were generally arranged as
triangle-shaped edges “protruding” or “puncturing” into the stroma, some of them appeared to become
invasive lesions, and about 10% of those spread into tube-like structures that resemble blood vessels.
Conclusions: These finding suggest that these cell clusters are formed and regulated by a yet to be
defined mechanism, and that a subset of these clusters may represent the direct precursor of invasive

and metastatic breast lesions.



Introduction

The epithelium of the normal human breast and in sifu breast tumors is physically separated
from the stroma by both the myoepithelial (ME) cell layer and basement membrane (1-3). ME cells
are joined by intercellular junctions and adhesion molecules, forming a sheet or belt that encircles the
epithelial cells (1-3). The basement membrane is composed of a group of fibrous proteins embedded
in a hydrated polysaccharide' gel, constituting a continuous lining surrounding and attaching to the ME
cells via hemidesmosomes and focal adhesion complexes (4-5). Both the ME cell layer and basement
membrane are structural constituents, which normally only allow the exchange of water, oxygen, and
small molecules between the epithelial and stromal component (1-5). Due to the interposition of the
ME cell layer and basement membrane between the stroma and the epithelium, tumor cells have to first
pass through the ME cell layer, followed by the basement membrane in order to physically contact the
stroma. Hence, the disruption of both the basement membrane and the ME cell layer is an absolute
pre-requisite for tumor invasion and metastasis.

As invasive and metastasized tumors have a significantly higher mortality raté and account for
a vast majority of breast cancer-related deaths, compared to ir sifu tumors (6), the identification of the
mechanism(s) of tumor invasion and metastasis is expected to bring vast benefits and advances to early
detection, treatment, and prevention of breast tumors. A generally accepted hypothesis for the direct
cause of basement membrane disruptions and tumor invasion has been attributed primarily, if not
solely, to the over-production of proteolytic enzymes by tumor or stromal cells (7-8). This hypothesis
alone, however, might not reflect the intrinsic mechanism of these events for three main reasons: [1]
The ME cell layer is a normal structural constituent, which should not be the target of the host’s own
enzymes; [2] Neither the normal cellular kinetics nor dynamic alterations of ME cells during tumor

invasion have been well elucidated; [3] While the results from in vitro tests and animal models have



clearly demonstrated that proteolytic inhibitors effectively prevent tumor invasion, the results from all
the proteolytic inhibitor-based clinical trials have been very disappointing (9-10).

While attempting to identify the early sign of ME layer disruptions and precursor of invasive
breast lesions, we have recently carried out a number of studies, focusing on the correlation between
the structural integrity in ME cell layers and the immunohistochemical and genetic profiles in adjacent
epithelial cells. In 5,698 duct cross sections from 220 patients with estrogen receptor (ER) positive,
non-invasive breast tumors, we detected a total of 405 focal ME cell layer disruptions, defined as the
absence of ME cells resulting in a gap equal to or greater than the combined size of 3 ME or epithelial
cells (11). Of these disruptions, 350 (86.4%) were overlaid by clusters of cells with no or substantially
reduced ER expression, in a sharp contrast to their adjacent cells within the same duct, which showed
uniform and strong ER immunoreactivity and overlaid a non-disrupted ME cell layer (11). Compared
to their adjacent ER positive counterparts within the same duct, microdissected ER negative cells had a
substantially higher frequency and different pattern of loss of heterozygosity at multiple chromosomal
loci, including those harboring tumor suppressor genes fragile histidine triad (FHIT) and Wilms’ tumor
1 (11-12). Cells in ducts with these ER negative clusters also had a significantly higher (p < 0.01)
proliferation rate, 18.2% versus 3.6% and 19.9% versus 4.4%, compared to cells in morphologically
compared ducts without ME cell layer disruptions, assessed by immunohistochemical staining for Xi-
67 in three separate studies (13-15).

It was interesting to note that, however, a subset (about 10%) of these ER negative cell clusters
were completely devoid of distinct Ki-67 immunoreactive cells, in a sharp contrast to the adjacent ER
positive cells within the same duct, which had a significantly elevated number of Ki-67 positive cells
(13-15). As it has been well documented [1] breast turnor progression is paralleled By a progressively

hormonal independence (16-17), [2] ER negative tumors have a substantially worse prognosis than ER




positive tumors (18-19), {3] a deregulated cell proliferation seems to be a direct cause of malignancies
(20-21), this study attempted to assess the proliferation status of these cell clusters with a panel of cell
proliferation and phenotype related markers. The hypothesis to be tested was that these cell clusters
were newly formed through a clonal proliferation of a mutated stem cell, which might genetically and
biochemically differ from both primitive stem cells and partially committed progenitors. Therefore,

these ER negative cell clusters might have a unique immunostaining pattern for all currently available

proliferation related markers that are not designed for potentially mutated proteins.

Materials and Methods

A total of 15 cases of ductal carcinoma in situ (DCIS) containing focally disrupted ME cell
layers and ER negative cell clusters with no distinct Ki-67immunoreactive cells were selected from our
previous studies (11-15). Consecutive sections at 4-5 pum thickness were prepared from each case and
sequentially placed on positively charged microscopic slides, and processed for morphological and
immunohistochemical assessments, as previously described (22-23). Briefly, deparaffinized sections
were incubated in 10 mM citrate buffer overnight at 80 °C. After incubation, sections were washed
with tap water and PBS (pH 7.4), each for 10 to 15 minutes, and incubated in 0.3% H,0, and normal
serum, each for 30 minutes. Then, sections 1, 11, and 21 from each case were double immunostained
for ER and SMA, as previously described (11). Immunostained sections were examined to assess the
size of the ER negative cell clusters. The clusters were defined as large if they were appreciable in
more than 10 sections, or as small if they were present in less than 10 sections.

To assess the proliferation status of these cell clusters, a panel of commonly used markers,

including proliferating cell nuclear antigen (PCNA), Ki-67, cyclin A, cyclin D1, as well as p27, a




known tumor suppressor (Vector, Burlingame, CA), were used. To assess the histological origin of
these clusters, sections were immunostained for both stromal cell specific markers (vimentin and
smboth muscle actin) and epithelial cell phenotypic markers (epithelial specific antigen, cytokeratins 5,
8, and AE1/AE3, Vector, Burlingame, CA; Dako, Carpinteria, CA). To assess the differentiation
status and biologic behavior of these clusters, sections were immunostained for c-erb-B2 (Vector,
Burlingame, CA), a well defined onco-protein whose over-expression has been reported to correlate
with more aggressive clinicopathologic presentation and to enhance the metastatic potential (24-25),
MMP-26, a metalloproteinase that is preferentially present at in sifu breast tumors (26), and BP1, a
homeotic protein that is predominantly present in invasive breast tumors (27-28).

In cases with large ER negative cell clusters, sections 2 to 13 from each case were individually
incubated with one or a mixture of two correspondihg antibodies for 1-2 hours at 37 °C. In cases with
small ER negative cell clusters, three sections were utilized for immunostaining each group of the
above proteins, which was carried out by a sequential incubation of all the antibodies in a given group,
1-2 hours for each at 37 °C, followed by 3 washes in PBS, 5-7 minutes for each. The antigen-antibody
complex was detected with the ABC method, using a biotinylated secondary antibody and Elite ABC
detection and the diaminobenzidine (DAB) substrate kit (Vector, Burlingame, CA). After the substrate
reaction, sections were washed in tap water for 5 minutes and incubated at 80 OC for 5-10 minutes, to
inactivate the potential enzyme residues, followed by 3 washes in PBS, each for 5-7 minutes. Then,
the sections were incubated with smooth muscle actin (Vector, Burlingame, CA) and developed with
the AP-red substrate kit (Zymed, San Francisco, CA) to elucidate ME cell layers. The expression
status of these markers iﬁ the same cell cluster at different sections were examined and photographed,

as previously described (11, 15).




Results

Distinct focal myoepithelial cell layer disruptions and associated ER negative cell clusters with
no Ki-67 immunoreactive cells were clearly identifiable in all 15 cases. The number of these clusters
among cases varied substantially, ranged from one to over 15. The size of these clusters also varied
substantially, ranged from less than 15 to over 100 cells in a given section (Fig 1). These cell clusters
were also completely devoid of the expression of PCNA, cyclin A, cyclin D, p27, MMP-26, and BP1,
in a sharp contrast to their adjacent ER positive counterparts within the same duct, which showed an
elevated expression for each of those markers (Figs 2-3). These cell clusters also showed a markedly
reduced (but clearly appreciable) expression of epithelial specific antigen, cytokeratins AE1/AE3 and
the mixture of cytokeratins 5 and 8, compared to their adjacent ER positive counterparts within the
same duct (Fig 3). In contrast, a subset of these clust(ers in 9 of the 15 cases displayed appreciable
expression of c-erb-B2, whereas all or a vast majority of their adjacent ER positive counterparts within
the same duct were devoid of the expression of this proteins (Figs 1and 4). The c-erb-B2 protein,
however, was distributed predominantly in the cytoplasm, rather than the typical membrane-associated
localization (Figs 1 and 4). All these ER negative cells and their adjacent ER positive counterparts
within the same duct were negative for stromal phenotypic markers vimentin and smooth muscle actin
(data not shown).

Morphologically, all the cells consisting of each ER negative cell cluster and among different
clusters were identical or very similar (Figs 1-4). However, compared to their adjacent ER positive
counterparts within the same duct or acinus, a vast majority of these cells were noticeably smaller in
size with dark, elongated, or irregular nuclei, and were often densely packed, making the detection of
mitotic figures difficult or impossible (Figs 1-4). These clusters were exclusively located at or near

focally disrupted ME cell layers, and cells in these clusters were generally arranged as triangle-shaped




edges “protruding” or “puncturing” into the stroma (Figs 1-4), and some of them appeared to directly
transfer into micro-invasive lesiqns (Figs 1g and 1h). Cells in about 10% of these clusters, however,
had a non-cohesive or “floating” appearance and appeared to directly spread into tube-like structures
that resemble blood vessels (Figs 5a — 5¢). Our subsequent immunohistochemical studies in adjacent
sections of selected cases showed that cells within the tube-like structures were positive for epithelial
specific antigen (Figs Se — 5f), suggesting that they are epithelial in nature. The lining of the dust-like
structures was negative to the ME cell specific marker, p63 (Fig 5¢), whereas was positive to the blood
vessel specific marker, CD31 (Fig 5f), suggesting that they might be indeed vascular structures. In
contrast, the surrounding of the ducts was positive to p63, while was negative to CD31 (Fig 5e¢ — 5f). It |
was interesting to note that the ME cells appeared to be directly fused with CD 31 positive structures

(Figs Se — 51).

Discussion

In our previous studies (11-15), we revealed that a subset of DCIS contained focally disrupted
ME cell layers that were overlain preferentially or exclusively by ER negative cell clusters. A vast
majority of these ER negative cell clusters showed a substantially elevated proliferation rate, compared
to their adjacent ER positive counterparts within the same duct. A subset of these clusters, however,
were completely devoid of the expression of Ki-67, in a sharp contrast to the adjacent ER positive cells
within the same duct that showed a substantially elevated number of Ki-67 positive cells. Our current
study has not only confirmed our previous findings, but also further revealed that, compared to their
adjacent ER positive counterparts within the same duct, these cell clusters possess additional unique

features: [1] they lack the expression of other commonly used proliferation markers, including PCNA,




cyclin A, cyclin D1, and p27, as well as two-tumor progression related proteins, MMP-26 and BP1
(26-28); [2] they showed a substantially weaker expression of epithelial phenotypic markers; [3] a
subset of these clusters in 9 (60%) of 15 cases showed untypical expression of c-erb-B2, a well-defined
onco-protein; [4] cells within each cluster and among different clusters are morphologically identi;al'
or very similar; [5] They are exclusively located at or near focally disrupted ME cell layers; [6] cells
in these clusters are generally arranged as triangle-shaped edges “protruding” or “puncturing” into the
stroma, and a subset of these clusters directly spread into tube-like structures that appear to be blood
vessels or lymphatic ducts. To the best of out knowledge, such or similar cell clusters and cell growth
pattern have not been previously reported in the English literatures.

The mechanism(s) for focal ME layer disruptions and formation of ER negative cell clusters is
unknown, but is likely to result from a localized ME cell death and leukocyte infiltration and resultant
responses, based on the following reasons. First, no morphologically distinct ME cells are detectable
at the disruptions in multiple consecutive sections in all cases, indicating the physical absence of ME
cells. Second, our previous studies have shown that the frequeﬁcy of focal ME cell layer disruptions
is independent of the size, length, and architecture of ducts and acini, suggesting that the disruption is
unlikely induced by mechanic forces, such as an elevated pressure in the lumen and an increased cell
number. Third, our previous studies have shown that 97.4% of the ducts with focal ME disruptions
showed leukocyte infiltration, compared to 22.2% (p < 0.01) in morphologically similar ducts without
focal ME cell layer disruptions (15). Fourth, our recent studies further showed that focally disrupted
human prostate basal cell layers had a substantially lower cell proliferation rate, compared to théir
morphologically similar counterparts (29). Also, basal cells surrounded by or adjacent to leukocytes
often showed distinct morphological alterations, and that clusters of multiple proliferating cells were

almost exclusively located at or near the focal disruptions (29).




Our speculation is further supported by several lines of evidence. Increasing data have shown that
a variety of external and internal insults could specifically impact the physical and functional status of
the ME cells. The exposure to lambdacarrageenan could specifically result in filament disassembly
and loss of ME cells, while the exposure to oxytocin could substantially enhance ME cell proliferation
and differeﬁtiation (30-31). ME cells exclusively or preferentially express a high level of multiple
non-structure-restricted proteins, including CD10, p-cadheﬁn, and p63, as well as tumor suppressors,
including Wilms’ tumor 1 and maspin (32), and the expression frequency and level of these proteins
linearly decreased with the advance of tumor stages (13-14). In addition, a subset of morphologically
distinct ME cells is completely devoid of the expression of all corresponding immunophenotypic
markers (33), suggesting that ME cells are also subject to pathological alterations. It has been well
documented that leukocyte infiltration into tumor tiséues is a common event, and t_hat the number of
leukocytes within tumor tissues is linearly increased with tumor progression (34-36). The increase of
leukocytes is particularly evident during the progression of DCIS to infiltrating ductal carcinoma, in
which up to a four-fold increase of lymphoid infiltration has been reported (34-36). The extent of the
increased macrophages in tumor tissues has been found to inversely correlate with a'worse prognosis
and a significantly higher mortality rate (34-36). Also, patients with lymphocyte infiltration at the
tumor edge were found to have a noticeable poorer short-tem prognosis, compared to those with
lymphocyte infiltration in other locations (37). More importantly, it has been well elucidated that
leukocytes are capable of freely crossing through both the basement membrane and ME cell layer, and
that leukocytes contain a number of digestive enzymes that can effectively degrade both the basement

membrane and altered host cells (38-40).
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Based on these findings, we propose that a localized ME cell death and resultant immunoreactions
-are the triggering factor for disruptions in ME cell layers, the formation of ER negative cell clusters,
and subsequent stromal and vascular invasion. Our hypothesized main processes are the following:

1. The ME cells belong to a self-renewal population, which normally undergoes proliferation to replace
aged or injured ME cells. 2. An external or internal insult, such as a localized trauma or the exposure
to lambda-carrageenan (30), directly disrupts the structural integrity of the ME cell layers or impairs
the normal replacement process, resulting in a cluster of dying ME cells. 3. The degradation products
of dying ME cells attract leukocytes, which migrate to the injured site and interact with altered ME
cells. 4. Leukocytes release digestive enzymes, leading to the physical destruction of altered ME cells
and basement membrane, resulting in a foal disruption or gap that allows the direct communications
between the tumor and stromal cells. 5. The focal disruption or gap results in a focally increased
permeability for metabolism- and growth-related molécules to overlying and adjacent cells. 6. The

* altered micro-environment leads to variable consequences in overlying tumor and adjacent ME cells,
depending on the nature of these cells. If the overlying and adjacent cells are fully differentiated, no
substantial alteration may be detectable. If the cells are partially differentiated, a limited or mild
increase in cell proliferation might be seen, which might lead to a localized stromal invasion. If they
are primitive stem cells, an extensive cell proliferation may been seen, whch may lead to the formation
of new structures with normal morphology and functions (41). If they are mutated stem cells, a series
of events that markedly differ from both primitive stem cells mediated and differentiated progenitors
mediated proliferation might take place. Previous studies have shown that a mutated stem cell is the
common cellular origin of teratocarcinomas, epithelial cancers, and blood vessels and lymphatic ducts
(42-43). 7. The newly formed cell clusters undergo differentiation, releasing invasion-associated

molecules, which trigger angiogenesis, tissue remodeling, and increasing production of growth factors
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in the stroma, providing a favorable environment for tumor cell growth (44-48). 8. The interactions
between tumor and stromal cells lead to further degradation of ME layers and basement membrane,
and a deeper and wider migration of the newly formed cell clusters (44-48).

A majority of the ER negative cell clusters seen in the current study appear to be generated by a
clonal proliferation of mutated stem cells for four main reasons. First, a subset of these clusters in 9
(60%) of the 15 cases showed detectable expression of c-erb-B2, a well-defined oncé-protein, while all
or a vast majority of their adjacent ER positive cells within the same duct are devoid of the expression
of this pfotein. Second, the cells consisting of a given cluster or among clusters are morphologically
and immunohistochemically identical or similar, suggesting a common origin. Third, these clusters
are exclusively located at or near focally disrupted ME cell layers, perfectly matching the expected
location of undifferentiated stem cells. Fourth, these clusters are devoid of the expression of MMP-26
and BP1 that are preferentially present in advanced stages of breast tumors (26-28), and also show a
substantially weaker immunostaining for epithelial phenotypic markers, implicating that they are new
formed and have not gained the full capacity to manufacture these proteins. Our previous studies have
shown that at the initial stage of normal cellular replacement or regeneration after a partial extirpation,
the progenitor cells are intensely labeled with tritiated-thymidine (H-TDR), while are devoid of the
expression of all adult secretory proteins (49-50). The newly formed cells gradually start to express
increasing levels of these proteins with time (49-50).

These ER negative cell clusters are likely to be biologically more aggressive and represent the
direct precursor of invasive and metastatic lesions for the following reasons. First, a subset of these
clusters in 60% of the cases showed an untypical expression of c-erb-B2, whose expression is
correlated with tumor aggressiveness and a worse prognosis (51). Second, cells in about 15% of these

clusters directly spread into tube-like structures that are likely to be blood vessels or lymphatic ducts.




Third, our previous studies have revealed that microdissected ER negative cells have a significantly
higher frequency or different pattern of LOH at multiple chromosomal loci, including those harboring
tumor suppressor genes FHIT and WT-1, compared to the adjacent ER positive cells within the same
duct (11-12). Fourth, our recent studies further show that these ER negative cell clusters also have a
significantly higher frequency and level of mRNA expression for a number of tumor invasion- and
metastasis related genes, including CD44, CDHI, énd CDKNZ2A (52).

It is not known, however, whether or to what extent our hypothesis reflect the intrinsic
mechanism of ME cell disruptions and the formation of these ER negative tumor cell clustérs for three
main reasons: [1] our data are limited, extracted from a small sample size, which might not reflect the
real status in the general population; [2] the underlined mechanism(s) and detained processes for each
of our hypothesized steps has not be elucidated; [3] the complete lack of the expression of all growth-
related markers is hard to reconcile with the expected features of a stem cell-mediated proliferation.
However, given the facts that the results of human clinical trials disfavor the traditional belief that
elevated proteolytic enzymes is the primary, if not the only, cause for basement membrane disruptions
and tumor invasion (9-10), our hypothesis might have important scientific and clinical implications.

In the scientific field, our hypothesis may open a new window for the exploration of the mechanism of
ME cell layer disruptions and tumor invasion. Our hypothesis might also be useful in reconciliation of
the conflicting reports regarding the immunchistochemical and genetic profiles of the breast lesions,

as our findings clearly implicate that those conflicts are likely to result from the presence or absence of
ME cell layer disruptions, and the differences in the nature and growth pattern of the cells overlying or
adjacent to the disruptions. In the clinical field, our hypothesis might be beneficial for the early
detection and treatment of breast tumors. Microdissection of these ER negative cell clusters and their

adjacent ER positive counterparts in frozen tissues for genetic and biochemical comparisons could
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potentially lead to the identification of specific molecules associated with the early events of ME cell
layer disruptions, tumor invasion and metastasis. The development of antibodies or chemical reagents
to target these cells might provide a more effective and less toxic means to block tumor invasion at the
very early stage. Also, microdissection of these ER negative cell clusters in frozen tissues for tissue

culture may lead to the establishment of useful cell lines that benefit stem cell researches.
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Figure Legend

Figure 1. Morphologic and immunostaining profiles of cell clusters overlying focally disrupted

ME cell layers

Paraffin-embedded breast tissue sections were double immunostained for ME cells with an antibody to
smooth muscle actin (red) and tumor cells with several proliferation related markers (brown or black).
la & 1b: ER, PCNA, p27, Ki-67, cyclin A, cyclin D + SMA. la: 200X; 1b: 400X

lc —1if: ER, p27, Ki-67, cyclin A, cyclin D + SMA. 400X.
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lg & 1h: ER, PCNA, p27, Ki-67, cyclin A, cyclin D + SMA, 100X.

Arrows identify cell clusters that are devoid of the expression of proliferation related markers.

Figure 2. The lack of proliferation related markers in cell clusters overlying focally disrupted ME

cell layers
A set of consecutive paraffin-embedded breast tissue sections were singly or double immunostained
for ME cells with an antibody to smooth muscle actin (red) and tumor cells with several proliferation
related markers (brown or black).
2a: BP1; 2 b: ER + SMA; 2¢: Ki-67 + SMA; 2d: p27 + SMA,; 2e: PCNA + SMA; 2f: cyclin A + SMA,;
2g: Cyclin D + SMA; 2h: c-erb-B2 (brown) + MMp-26 (red). '

Arrows identify cell clusters that are devoid of the expression of proliferation related markers.

Figure 3. The expression status of MMP-26, BP1 and cytokeratins in cell clusters overlying focally
disrupted ME cell layers

3a & 3b: BP1. 3a: 100X; 3b is a higher magnification of 3a, 300X.

3¢ & 3d: MMP-26 (brown) + SMA (red). 3c: 100X; 3d is a higher magnification of 3¢, 300X

3e. BP1; 3f. MMP-26; 3g. cytokeratins 5 & 8; 3h. cytokeratins AE1/AE/3; 200X

Arrows identify non-immunoreactive cell clusters.

Figure 4. The expression of c-erb-B2 in cell clusters overlying focally disrupted ME cell layers.
4a & 4b: BP1& SMA (red) + c-erb-B2 (brown). 4a: 150X; 4b is a higher magnification of 4a, 400X
4c & 4d: MMP-26 & SMA (red) + c-erb-B2 (brown); 4d is a higher magnification of 4c, 400X.

Arrows identify c-erb-B2 positive cell clusters.

Figure 5. Localization of ER negative cell clusters within blood vessels-like structures
5a— 5f. BER, Ki-67, cyclin A (brown) + SMA (red). 200X

5g . A adjacent (but discontinues) of 5f, cytokeratin 8 (red) + p63 (brown)

5h. The adjacent section of 5g, cytokeratin 8 (red) + CD31 (brown)

Arrows identify tube-like structures.  Thin arrows identify the ME cell layers. Note that cells within

these tube-like structures have a non-cohesive or “floating” appearance.
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Summary

The normal human breast epithelium and the stroma are physically separated‘ by the basement
membrane and a layer of myoepithelial célls, whose degradations are an absolute pre-requisite
fro breast tumor invasion. It has been generally accepted that the degradation of the basement
membrane is’attributed, primarily, if not solely, to an over-production of protéblytic enzymes by
the tumor or stromal cells, while the cause and early sign of myoepithelial cell layer degradations
are elusive. 'Our recent studies'revealed that a subset of non-invasive breast tumors contained
focal disruptions in their myoepithelial cell layers. Focal disruptions in myopeithlial layers were
aoosicated with substantial immunohistochemical and genetic alterations in the overlying tumor
cells, including the loss of estrogen receptor expression, a significantly higher frequency of loss
6f heterozygosity, and a significantly higher expression of cell cycle and invasion related genes.
Focal ME layer disruptions were also associated with a significantly higher rate of leukocyte
infiltration and cell proliferation at or near the focal disruptions. These and other findings have
promoted the introduction of a novel hypothesis that a localized death of myoepithelial cells and
subsequent immunoreactions might be a direct trigger factor for myoepithelial layer disruptions

and subsequent tumor invasion.



I. Introduction

The epithelium of normal human breasts and in situ breast tumors is physically separated
frbm the stroma by both the myoepithelial (ME) cell layer and basement membrane, whose
degradation is an absolute pre-requisite for tumor invasion and metastasis. A generélly accepted
hypothesis for the direct cause of basement membrane degradations and tumor invasion has been
attributed primarily, if not solely, to the over-production of proteolytic enzymes by the tumor or
stromal cells (Goldfarb and Liotta, 1986). This hypothesis alone, however, may ‘not reflect the
complete intrinsic mechanisms of these events for three main reasons: [1] The ME cell layer is a
normal structural constituent, which should not be the target of the host’s own enzymes; [2]
Neither the normal cellular kinetics nor the dynamic alterations of ME cells during tumor
invasion have been elucidated; [3] Although results from in vitro tests and animal models have
clearly demonstrated that protease inhibitors could effectively inhibit or prevent tumor invasion,
tesults from protease inhibitor-based clinical trials have been very disappointing (Coussens et
al., 2002; Matrisian et al., 2003).

Based on these reasons, this article attempted to elucidate the biologic and clinic profiles
of ME cells based on previously published reports, and to assess the potential significance of ME
cells in tumor progression and invasion. In addition, this article attempted to present several
unique findings from our recent studies, on the correlation between the structural integrity in ME
cell layers and the genetic and immunohistochemical profiles in adjacent tumor cells. These
unique findings and other supportive data have led to the introduction of a novel hypothesis that
the ME cell layer and basement membrane degradations and subsequent tumor invasion are
triggered by a localized ME cell death and resultant leukocyte infiltration and immunoreactions.

The rationale and speculated steps for our hypothesis are summarized and discussed.



II. The normal distribution, morphology, and functions of myoepithelial cells

The normal human breast consists of two major components, the epithelium and stroma.
The epithelium contains two cell types: the ME cells and luminal cells, which compose both the
secretory lobules and branching ducts. ME cells are inter-positioned between the luminal cells
and basement membrane, attaching to them by desmosomes and hemidesmosomes, respectively
(Tsubura et al., 1988; Slade et al.,1999: Jolicoeur et al., 2002). The basement membrane is
composed of a group of fibrous proteins embedded in a hydrated polysaccharide gel, forming a
continuous lining surrounding ME cells (Nerlich, 1995; Miosge, 2001). ME cells are joined by
intercellular junctions and adhesion molecules, forming a continuous layer that encircles the
entire duct system, and a discontinuous layer or a basket-like structure that covers a vast majority
of the cells at terminal duct-lobular units and lobules.Both the ME layer and basement membrane

are normal structural constitutes, physically separating the epithelium from the stroma (Fig 1).

Fig 1. The architectural relationship of the basement membrane, ME cells, and epithelial cells.
A paraffin section double immunostained for ME cells and basement membrane with anti-
smooth muscle acitn (red) and collagen IV (brown) antibodies. The arrow identifies the
basement membrane, a thin arrow for a ME cell, and a arrow head for a epithelial cell.



In clear-cut normal breast tissues, ME and epithelial cells are roughly equal in number,
and ME cells are generally of cuboid or spindle shape with pale cytoplasm and nuclei. The
number and morphology of ME cells, however, vary substantially at different stages of tumor
evolution. In hyperplastic and in situ lesions, ME cells are often substantially attenuated or
stretched out with scanty or no distinct cytoplasm (Fig 2), morphologically resembling smooth
muscle cells of small blood vessels and fibroblasts. In invasive lesions and a rare benign lesion,
microglandular adenosis, ME cells are not appreciable or occasionally found in residual normal
tissues trapped in these lesions. Under an electromicroscope, ME cells contain a large amounts
of both micro-filaments, the unique structural constitute of smooth muscle cells, and intermediate

filaments, the unique structural constitute of epithelial cells (Murad and Haam, 1986).

Fig 2. The morphology and ratio of ME cells to epithelial cells vary at different tumor stages.
A paraffin section double immunostained for estrogen receptor (black) and smooth muscle
actin (red). The ME cell layers in the in situ tumorous ducts are attenuated (arrows),
compared to those in the normal ducts (thin arrows).




This architectural feature confers the ME cells and basement fnembrane two essential
biological and clinical functions. First, as the normal epithzlial component is devoid of blood
vessels and lymphatic ducts and totally depends on the stroma for its metabolism anc survival
needed materials, the ME cells and basement membrane are the nature structural barriers that
directly mediate the communications between these two cellular components. Secord, cells of
in situ tumors have to first pass through the ME cell layer, then, the basement xﬁernbrane, to
physically reach the stroma. In another word, the degradation of both the ME cell layer and

basement membrane is an absolute pre-requisite for tumor invasion (Fig 3).
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Fig 3. The degradation of both the ME cell layer and basement membrane is needed for invasion
A paraffin section immunostained for smooth muscle actin plus collagen IV (red). Note
that the ME cell layer and basement membrane in one duct is focally disrupted and the
epithelial cells are in direct contact with the stroma (a arrow).



In addition to these passive functions, recent studies have revealed that ME cells might
also possess the following active or “voluntary” functions.
1. Production of tumor suppressor proteins

A number of tumor suppressor proteins, including maspin, Wilms’ tumor 1, p63, p73, and
14-3-3Sigma have been detected exclusively or preferentially in ME cells (Sternlicht et al.,1997;
Zhang et al., 2003; Yang et al., 1999; Yamamoto et al., 2001; Simpson et al., 2004). In vitro
and/or in vivo studies have demonstrated that these proteins have significant inhibitory functions
on tumér growth and invasion (Sternlicht et al.,1997; Yang et al., 1999; Simpson et al., 2004).

2. Paracrine down-regulation of matrix metalloproteinase (MMP) expression

It has been speculated that ME cells may modulate breast tumor invasion By controlling
the expression of MMP in both tumor and surrounding fibroblasts. To explore this possibility, a
recent study quantitatively compared the MMP expression levels in breast cancer cell lines and
fibroblasts co-cultured with and without ME cells purified from normai breasts (Jones et al,
2003). Results revealed that both cancer cells and fibroblasts co-cultured with the ME cells had
a significantly lower MMP expression level, compared to those without ME cells, and that the
reduction of MMP expression was accompanied by a reduced inva}sion (Jones at al., 2003).

3. Turnover of extracellular matrix (ECM)

While most of the ECM-degradation enzymes found in the breast are manufactured by
the stromal cells, several such enzymes, including a recently described angiogenesis-related
matrix metalloproteinase, MMP-19, are reported to be prqduced by normal ME cells (Djonov et
al., 2001). These ECM degradation enzymes produced by the ME cells are expected to

participate in the turnover of ECM (Djonov et al., 2001; Gudjonsson et al., 2002).

4. Regulation of normal development




During the normal development, a number of growth factors and their corresponding -
receptors, including the epidermal growth factor, basic fibroblast growth factor and its receptor,
Tcf transcription factors, and transforming growth factors, are differentially expressed in the
luminal and ME cells (Moller et al., 1989; Deugnier, 1999; Gomm et al., 1997; Roose et al., .
1999). A perturbated expression of these and other related moleculesin the ME cells leaded to
abnormal morphogenesis and development of the breast (Deugnier, 1999; Gomm et al., 1997).

5. Establishment and stabilization of the polarity of the bilayer epithelial structure

In the tissue cultures, the luminal cells alone could form acinus-like structures, while with
a reversed polarity (Gudjonsson et al. 2002). The addition of ME cells from the normal breasts
could establish and stabilize a correct polarity, whereas ME cells from breast tumors failed to
correct the reversed polarity, suggesting that ME cells play important roles in establishment and
stabilization of the bilayer epithelial structure cultures, the luminal cells alone could form acinus-
like structures, while with a reversed polarity (Gudjonsson et al. 2002).

6. Steroid hormoné metabolism

A recent study assessed the mRNA expression and enzymatic activity of steroid sulfatase
(STS) in human breast ME and MCG-7 cells, and the effects of 17-beta estradiol on the activity
of STS (Tobacman et al. 2002). The study revealed. that the sulfatase activity was about 120
times greater in the ME than in the MCF-7 cells, and that exposure to 17—beté estradiol was
associated with 70% reduction of the sulfatase activity in the MCF cells, while 9% increase in
ME cells, suggesting a potential role of ME cells in converting hormone precursors into active

steroid hormones (Tobacman et al. 2002).

1I1. Exclusively or preferentially expressed bio-molecules in myoepithelial cells




Currently, there are more than a dozen of commercially available antibodies that can be
used for immunohistochemistry in formalin-fixed, paraffin-embedded sections, to elucidate the
molecules reported to be exclusively or preferentially present in ME cells. Based on their
compositions, subcellular localizations, and potential functions, these molecules can be roughly
classified into two groups.

a. Structure-specific proteins (related to microfilaments and intermediate filaments)
1. Smooth muscle actin (SMA)

SMA is one of microfilamentous contractile polypeptides and presents in the cells with
myogenous features. In human breast tissues, SMA immunostaining is present in the cytoplasm
of about 95% of the ME cells in the normal ducts and lobules, as well as in non-invasive breast
lesions (Bose et al., 1999; Joshi et al., 1996). The invasive lesions and a very rafe benign
lesion, microglandular adenosis, are devoid of SMA 1mmunoreactivity, due to the lack of ME
cells surrounding these lesions. A false positive SMA staining is not uncommon, due to the
cross immunoreactivity with smooth muscle cells of small blood vessels and myofibroblast cells
of the stroma that are often adjacent to the invasive components.

2. Smooth muscle myosin heavy chain (SMMHC)

SMMHLC is a cytoplasmic structural protein that is a major component of the contractile
apparatus of smooth muscle cells.  This protein is specific for the early development of srﬁooth
muscle. It is also a myoepithelium-associated protein, heavily present in the ME cells of normal
and benign breast tissues,‘ and has been reported to be a very useful marker in differentiation
between noninvasive and invasive breast lesions (Yoshida, 1998; Dabbs and Gown, 1999).

3. Calponin



Calponin, a calmodulin, binds tropomyosin and F-actin and is thought to be involved in
the regulation of smooth muscle contraction. The expressi‘on of calponin is restricted to smooth
muscle cells, and has also been demonstrated in human breast ME cells. It is a useful marker in
differentiation between ME cells and spindle cells of the stroma, and non-invasive and invasion
lesion (Damiani et al., 1999; Dabbs and Gown, 1999). However, Calponin staining in ME cells
may be occasionally discontinuous or absent in in-situ ductal lesions (Ohyabu et al., 1998).

4. H-caldesmon (HCD)

HCD is a cytoskeleton-associated actin-binding protein. In human breast tissues, HCD
is predominantly expressed in ME cells, while a high level of HCD expression is also ofteﬁ seen
in smooth muscle cells of small blood vessels (Miettinen et al., 1999; Batistaton et al., 2003).

5. P-cadherin

p-cadherin, like the E-cadherin, is a Ca”* —dependent cell adhesion molecule with a
fundamental role in the maintenance of the integrity of multicellular structures and the phenotype
of epithelial cells (Shimoyama et al., 1989). In breast tissues, p-cadherin is preferentially
expressed in ME cells of normal ducts, lobules, and sclerotic lesions (Jarrard et al., 1997).
However, p-cadherin is also occasionally seen in a portioﬁ of tumor cells of hyperplasias and in
situ carcinomas (Soler et al., 1999)

6. Cytokeratins 5, 7, 14, and 17

Cytokeratins 5, 7, 14, and 17 are a group of cellular structural proteins in epithelial cells
and cells with epithelioid features (Moll et al., 1982). In human breast tissues, these molecules
are predominantly present in myoepithelial cell layer (Wetzels et al., 1989, 1991;). CK-17is
also related early skin development and wound repairing (McGowan and Coulumbe, 1998).

b. Non-structure-restricted molecules
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1. Maspin

Maspin, or mammary-specific serpin, is a tumor suppressor protein, which belongs to the
serine proteinase inhibitor family (Maass et al., 2000; Zhang et al., 2000). It is present in both
breast and prostate glands. In the breast, maspin is predominantly a soluble cytoplasmic protein
that is consistently detectable in normal human ME cells and ME-derived tumors (Maass et al.,
2002; Reis-Filho et al., 2001). The expression of maspin decreases with increasing malignancy
of the breast tumors (Maass et al., 2002; Reis-Filho et al., 2001). Both in vitro and in vivo
studies have shown that maspin has significant inhibitory functions on tumor growth and
invasion (Maass et al., 2000; Zhang et al., 2000).

2. Wilms’ tumor 1 (WT-1)

WT-1 functions as a transcription factor regulating gene expression in a similar fashion
as the p53 (Scharnhorst et al., 2001). The expression of WT-1 in the breast appéars to correlate
with the behavior and progression of breast tumors (Fabre et al., 1999). Our previous study
showed that WT-1 expression was also consistently detectable in ME cell, and that the level of
WT-1 expression was inversely correlated with breast tumor progression (Man et al., 2003).

3. p63 and p73

p63 is a nuclear protein that shares a significant amino acid identity with the p53 protein
in the transactivation domain, the DNA binding domain, and the oligomerization domain. The
expression of p63 in the breast is exclusively detectable in the nuclei of ME cells, and neither the
stromal fibroblasts nor vascular smooth muscle cells shows p63 immunostaining (Barbareschi et
al., 2001). p63 is believed to be critical for maintaining the progenitor cell populations that are

necessary to sustain epithelial development and morphogenesis (Yang et al.,1999). p73isalsoa
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an homologue of p53, and is believed to have a similar function and distribution as p63
(Yamamoto, et al., 2001).
4. 14-3-3Sigma

This is a recently introduced novel ME cell marker (Simpson et al., 2004). This protein
was reported to be consistently present in benign and pre-invasive breast lesions, and might also
to a novel prognostic factor (Simpson et al., 2004).

5. Neuropilin-1 (NRP-1)

NRP -1 is a recently identified specific receptor for vascular endothelial growth factor
(Stepheson et al., 2002; Fakhari et al., 2002). The ME cells in both hyperplastic and neoplastic
lesions displayed a higher level of NRP-1 expression than those in the normal breast, and NRP-1
expression is also detectable in the vascular smooth muscle and endothelial cells (Stepheson et
al., 2002; Fakhari et al., 2002).

6. CD 10

CD10 is a 100kD cell surface metalloendopeptidase named neprilysin, which inactivates
a variety of biologically active peptides. This protein was initially classified as a common acute
lymphoblastic leukemia antigen. Subsequent studies have shown that CD10 was consistently
positive in ME cells of all normal breast tissue, whereas the number of ME positive cells and the
intensity of the immunostaining were substantially reduced in distended ducts and ductal
adenomas (Moritani et al., 2002; Iwaya et al., 2002; Yaziji et al., 2000).

7. S100

S100 is an EF-hand Ca®* ~binding protein, originally isolated from neural tissues. S100

is consistently present in human breast ME cells, -but is also often expressed in some luminal

epithelial cells (Gillett et al., 1990; Dwarakanath et al., 1987; Lunde et al., 1987).
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8. Other important molecules
A number of growth factors, growth factor receptors, and other biologically important
molecules have also been reported to be present in ME cells (Moller et al., 1989; Deugnier.,

1999; Gomm et al., 1997; Roose et al., 1999), while the clinic significance is unknown.

IV. ME cell lesions, morphologic and immunohistochmical alterations

Compared to epithelial lesions, ME cells lesions are very rare, which prevents a detailed
biological and clinical profiling of this entity. Morphologically, ME cell lesions can be roughly
classified into three categories.

1. Myoepitheliosis

This lesion is characterized by a mild pro]ifefation of ME cells within and around ducts.
The proliferating cells are of spindle or cuboid shape, often distending or occluding the involved
ducts. These ME cells can be easily differentiated from the involved ductal epithelial cells by
immunohistochemical staining with antibodies to microfilaments and intermediate filaments
related molecules, as well as epithelial specific antigen (ESA), as the former are uniformly
reactive to all microfilaments-related antibodies, while the later are uniformly reactive to ESA.
2. Adenomyoepithelioma

This lesion is characterized by extensive proliferation of ME cells. Morphologically,
these proliferating cells can be divided into spindle cell, tubular, and lobulated variants. The
common feature of these variants is the formation of solid masses that distend or occluded the
duct structures. Similar to myoepitheliosis, these hyperplastic lesions can be easily differentiated
from epithelial cells by immunohistochemical staining with antibodies to microfilaments and

intermediate filaments related molecules, as well as epithelial specific antigen (ESA).
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3. Myoepithelial carcinoma

This lesion is rare, accounting for less than 1% of the breast malignancies. Based on
published reports, the most commonly seen type of this lesion is of spindle cell type. This lesion
is believed to be generally not clinically aggressive, while examples of metastases from pure ME '-
carcinoma have been reported (Tavassoli, 1991; Schurch et al., 1985; Thorner et al., 1986).

Immunohistochemically, above ME cell markers have been routinely used in the clinic
for elucidation of ME cells in differentiation between in situ and invasive tumors. Among these,
SMA is most frequently used and is considered to be very reliable. We and others, however,
haife repeatedly noticed that about 4-6% of morphologically distinct ME cells in H & E stained
sections fail to show SMA immunostaining (Bose et al., 1999; Joshi et al., 1996). In an attempt
to further characterize these SMA negative cells, one of our recent studies assessed the H & E
and SMA immuno-stained sections from 175 breast cancer patients, and identified 3 cases that
harbored ducts, which displayed morphologically distinct ME cell layers in H & E sections,
while showed no SMA immunoétaining in > 1/3 or the entire ME cell layer (Zhang et al., 2003).
Additional 8 consecutive sections from each of these cases were stained for SMA with a black
chromogen, and the same ducts with SMA negative ME cells in each of the 8 sections were
photographed. Then, each section was re-stained for one of 8 additional markers that are
supposed to exclusively or preferentially expressed in ME cells, with a red chrombgen. The
same duct with SMA (-) cells in each of the 8 sections were re-examined for the expression of
other markers. Results showed that SMA negative ME cells in two cases also failed to display
immunoreactivity for other markers, including Calponin, CD10, smooth muscle myosin-heavy

chain (SMMHC), maspin, Wilms’ tumor-1, and cytokeratins 5, 14, and 17 (CKS, 14, and 17).
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SMA negative ME cells in one case, however, showed distinct immunoreactivities for maspin,

CKS5, 14, and 17 (Fig 4).

Fig 4. The absence of the expression of multiple ME phenotypic markers
Consecutive sections were double immunostained for smooth muscel actin (brown) plus a
panel of additional ME cell markers. Note that about 1/3 of the ME cell layer in a duct is
devoid of SMA expression, as well as several other markers, including SMMHC, calponin,
CD10, and WT-1 (a-e, arrows). These ME cells, however, are positive for CK 5 (f, a thin
arrow), maspin, CK 14, and 17 (not shown).

V. Impacts of ME cell alterations on adjacent epithelial cells

While attempting to identify the early sign of ME layer disruptions and precursor of
invasive breast lesions, we have recently carried out a number of studies, focusing on the
correlation between the structural integrity in ME cell layers and the immunohistochemical and
genetic profiles in adjacent epithelial cells. Our studies have revealed, for the first time, several
lines of evidence, suggesting that the structural integrity of ME cells directly impact epithelial
cells’ biologic presentations and tumor progression and invasion process.

1. Focal ME layer disruptions and loss of ER expression in overlying cells are correlated events.
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In 5,698 duct cross sections from 220 patients with estrogen receptor (ER) positive, in situ

breast tumors, we detected a total of 405 focal ME cell layer disruptions, defined as the absence

of ME cells resulting in a gap equal to or greater than the combined size of 3 ME cells (Man et

al., 2003). Of these, 350 (86.4%) were overlaid by clusters of cells with no or substantially

reduced ER expression, in a sharp contrast to adjacent cells within the same duct, which showed

strong ER immunoreactivity and overlaid a non-disrupted ME cell layer (Fig 5; Table 1).

Fig 5. Focal disruptions in ME cell layers and loss of ER expression in overlying tumor cells
A paraffin section double immunostained for ER (black or brown) and SMA (red). Arrows

b
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identify focal ME disruptions and overlying ER negative cell clusters.

Table 1. Frequency of ME cell layer disruptions and the status of ER expression

Total sections

Total disruptions

ER (-) clusters

ER (+) clusters

5,698

405(7.1%)

305(86.4%)

55(13.6%)

< 0.01
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2. Cells in ducts with and without focal ME disruptions have different proliferation rates.
Compared to those in morphologically comparable ducts without focal ME layer disruptions,

cells in ducts with focally disrupted ME layers with or without ER negative clusters also had a

significantly higher (p<0.01) proliferation rate, 18.2% versus 3.6% and 19.9% versus 4.4%, in

two separate studies (Man et al., 2002; Man et al., 2002), using immunohistochemical staining

for Ki-67 (Fig 6).

Fig 6. Cells in ducts with and without focal ME cell layer disruptions show a different

proliferation rate
A paraffin section double immunostained for Ki-67 (brown) and SMA (red). Note that
more Ki-67 positive cells are seen in a duct with focally disrupted ME cell layer (arrows),

compared to adjacent ducts without focal ME cell layer disruptions.

17




3. Compared to their adjacent ER positive counterparts within the same duct, microdissected ER

negative cells had a substantially higher frequency and different pattern of loss of heterozygosity

at multiple chromosomal loci, including those harboring tumor suppressor genes fragile histidine

triad and Wilms’ tumor 1 (Man et al., 2002; Man et al., 2003) (Fig 7).
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Fig 7. Comparison of the frequency and pattern of LOH in ER (+) and ER (-) cells

Sections were double immunostained for ER (brown) and SMA (red), and ER (+) and (-)
Cells were separately microdissected and assessed for LOH. Asterisks identify dissected
cells. Arrows identify LOH.
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4. Cell clusters overlying focally disrupted ME layers had a significantly higher frequency and
level of mRNA expression in proliferation, apoptosis, invasion, and metastasis related genes,

compared to their adjacent counterparts within the same duct (Man et al., 2004).

Fig 8. Comparison of the frequency and level of mRINA expression in ER (+) and ER (-) cells
Frozen sections were double immunostained for ER (brown) and SMA (red). ER (+) and
(-) cells were separately microdissected for cDNA arrays. Cycles identify dissected ER (-)
cells and differentially expressed mRNAs.
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Table 2. Comparison of the frequency and level if mRNA expression in ER (+) and (-) cells -

Gene group Gene name Higher in ER (-) | Higher in ER (+) { Equal in both Case number
Adhesion CD44 13 4 1 18
CDHI 13 4 3 20
MUCI8L 5 5 2 12
Angiogenesis EGFR 5 6 1 12
IFNAL1 10 5 2 17
TNF 5 9 6 20
Apoptosis BAX 9 4 0 13
CASP9 9 5 5 ' 119
CFLAR 10 5 1 16
Cell cycle CDC25A . . 9 1 7 17
CDKN2A 10 4 2 16
RADS53 9 1 2 12
Inv & metastasis | NME4 10 4 6 20
TIMP1 6 6 3 15
Signal transduct | NFKBI1 11 6 3 20
Total 134(54.3%) 69(27.9%) 44(17.8%) 247
P <0.01

As macrophages and leukocytes contain digestive enzymes capable of degrading both the
BM and damaged host cells, our recent studies assessed the possible roles of these cells in ME
cell layer disruptions and tumor invasion. A total of 23 DCIS containing ducts with focally

disrupted ME cell layers were selected from 94 such cases identified in our previous studies.



Two consecutive sections from each case were double immunostained, one with leucocyte
common antigen (LCA) plus smooth muscle actin (SMA); the other with Ki-67 plus SMA.
Ducts lined by > 50 epithelial (EP) cells and distinct ME cell layers were examined. Our
studies have revealed, for the first time, several interesting phenomena that have not been
reported in the English literature:
1. Ductal tumors with and without ME disruptions have different rates of leukocyte infiltration.
A total of 191 duct cross-sections were found to contain focal ME cell layer disruptions;
of which, 186 (97.4%) were with and 5 (2.6%) were without leukocyte infiltration. Of 207
morphologically similar sections without ME disruptions, 46 (22.2%) were with and 161

(77.8%) were without leukocyte infiltration (Yousefi et al., 2004; Man et al., 2004) (Fig 9).

Fig 9. Ducts with and without focal ME layer disruptions have a different frequency of leukocyte

Infiltration

The section was double immunostained with SMA (red) and leukocyte common antigen
(brown). Note that the duct on the right has an intact ME cell layer with no leukocyte
infiltration, while the duct on the left has a disrupted ME layer with multiple leukocytes

(arrows).




Table 3. Frequencies of white blood cell infiltration in mammary ducts with and without
focal myoepithelial cell layer disruptions

Section number | With WBC Without WBC P
Disrupted 191 186 (97.4%) 5 (2.6%) <0.01
Non-disrupted 207 46 (22.6%) 161 (77.4%)

2. A vast majority of the proliferating cells and clusters of multiple proliferating cells are
located at or near focally disrupted ME layers.

Ki-67 positive cells in ducts with focally disrupted ME cell layers were generally
subjacent to disruptions, and over 30 clusters of multiple proliferating cells were seen directly
overlying or near focally disrupted ME cell layers (Fig 10). In contrast, Ki-67 positive cells in

ducts without ME disruptions were scatteringly distributed over the entire EP compartment.

Fig 10. Localization of proliferating cells in ducts with focally disrupted ME cell layers
The section was doubled immunostained for SMA (red) and Ki-67 (black or brown).
Note that a vast majority of the Ki-67 positive cells are located near the ME disruptions

(arrows).
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3. ME cells surrounded by or adjacent to leukocytes often show distinct morphologic alterations.
Compared to their counterparts that are at a distance to the leukocytes, ME cells surrounded
by or adjacent to leukocytes often show distinct morphologic alterations, including the loss of

SMA immunostaining, the fragmentations and focal disruptions of the cell layer (Fig 11).

S

Fig 11. Correlation of focal ME cell layer disruptions and leukocyte infiltration
The section was double immunostained for SMA (red) and leukocyte common antigen
(brown). Note that leukocytes are located at or near the focal ME disruptions (arrows).
The ME cells near leukocytes generally show loss of SMA immunostaining (thin arrows).

The ME cells in focally disrupted ME layers generally have a substantially lower

proliferation rate, compared to these in non-disrupted layers. Our recent studies in human

prostate tumors, using the same approach, revealed very similar changes (Man et al., 2004).
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VI. Our hypothesized mechanism for ME cell laver degradations and tumor invasion

The mechanism(s) for focal ME layer disruptions and formation of ER negative cell
clusters is unknown, but is likely to result from a localized ME cell death and leukocyte |
infiltration and resultant responses, based on the following reasons. First, no morphologically
distinct ME cells are detectable at the disruptions in multiple consecutive sections iﬁ all cases,
indicating the physical absence of ME cells. Second, our previous studies have shown that the
frequency of focal ME cell layer disruptions is independent of the size, length, and architecture
of ducts and acini (Man et al., 2003), suggesting that the disruption is unlikely induced by
mechanic forces, such as an elevated pressure in the lumen and an increased cell number.

Third, our previous studies have shown that 97.4% of the ducts with focal ME disruptions
showed leukocyte infiltration, compared to 22.2% (p < 0.01) in morphologically similar ducts
without focal ME cell layer disruptions (Man et al., 2004). Fourth, ME cells surrounded by or
adjacent to leukocytes often showed distinct morphological alterations.  Fifth, bqth the ME and
prOstéte basal cells of focally disrupted layers seem to have a substantially lower proliferation
rate, compared to thdse with intact ME and basal layers (Man et al., 2004).

Our speculation is further supported by several lines of evidence. Increasing data have
shown that a variety of external and internal insults could specifically impact the physical and
functional status of the ME cells. A wide variety of proteolytic enzymes produced by tumor or
stromal cells could substantially impact the physical integrity of the basement membrane, which
might subsequently impact the functions of the ME cells (Goldfarb and Liotta, 1986; Mignati et
al., 1986). A number of chemical compounds or reagents could specifically target the ME cells.
For example, exposure to lambdacarrageenan could specifically result in filament disassembly

and loss of the ME cells, while exposure to oxytocin could substantially enhance the rate of ME
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cell proliferation and differentiation (Tobacman, 1997; Sapino et al., 1993). In addition, the
human nature immuno-surveillance system could specifically or non-specifically target the ME
cells. It has been well documented that leukocyte infiltration into tumor tissues is a common
event, and that the number of leukocytes within tumor tissues is linearly increased with tumor
progression (Ben-Hur et al., 2002; Harmey et al., 1998). The inérease of leukocytes is
particularly evident during the progression of DCIS to infiltrating ductal carcinoma, in which up
to a four-fold increase of lymphoid infiltration has been reported (Ben-Hur et al., 2002; Harmey
et al., 1998). The extent of the increased macrophages in tumor tissues has been found to
correlate with a worse prognosis and a significantly higher mortality rate (Ben-Hur et al., 2002;
Harmey et al., 1998). Also, patients with lymphocyte infiltration at the tumor edge were found
to have a noticeable poorer short-term prognosis, compared to those with lymphocyte infiltration
in other locations (Hartveil, 1998). More importantly, it has been well elucidated that
leukocytes are capable of freely crossing through both the basement membrane and ME cell
layer, and that leukocytes contain a number of digestive enzymes that can effectively degrade
both the basement membrane and altered host cells (Zhang et al., 1998; Steadman et al., 1993;
Heck et al., 1990; Nzula et al., 2004).

Based on these findings, we propose that a localized ME cell death and resultant
immunoreactions are the tri ggering factor for disruptions in ME cell layers, the formation of ER
negative cell clusters, and subsequent stromal and vascular invasion. Our hypothesized main
processes are the following:

1. The ME cells belong to a self-renewal population, which normally undergoes

proliferation to replace aged or injured ME cells.
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. An external or internal insult, such as a localized trauma or the exposure to lambda-
carrageenan, directly disrupts the structural integrity of the ME cell layers or impairs the
normal replacement process, résulting in a cluster of damaged or dying ME cells.

. The damaged or dying ME cells loss their capability of manufacturing tumor suppressor
proteins, and subsequently result in the loss of the paracrine regulation on'the adjacent
tumor cells.

. The degradation products of dying ME cells attract macrophages and leukocytes, which
migrate to the injured site and interact with altered ME cells.

. Macrophages and leukocytes release digestive enzymes, leading to the physical
destruction of altered ME cells and basement membrane, resulting in a focal disruption or
gap that allows direct communications between the tumor and stromal cells.

. The focal disruption or gap results in a focally increased permeability for metabolism-
and growth-related molecules to overlying and adjacent cells.

. The altered micro-environment leads to variable consequences in overlying tumor and
adjacent ME cells, depending on the nature of these cells: [1] If the overlying and
adjacent cells are fully differentiated, no substantial alteration may be detectable; [2] If
the cells are partially differentiated, a limited or mild increase in cell proliferation might
be seen, which might lead to a localized stromal invasion; [3] If they are primitive stem
cells, an extensive cell proliferation might be seen, which may lead to the formation of
new structures with normal morphology and functions; [4] If they are mutated stem cells,
a series of events that markedly differ from both primitive stem cells mediated and
differentiated progenitors mediated proliferation may take place. Previous studies have

shown that a mutated stem cell is the common cellular origin of teratocarcinomas,
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10.

epithelial cancers, and blood vessels and lymphatic ducts (Sell and Pierce, 1994; Trosko
and Chang, 2001).

The newly formed cell clusters undergo differentiation, releasing invasion-associated
molecules, which trigger angiogenesis, tissue remodeling, and increasing production of
growth factors in the stroma, providing a favorable environment for tumor cell growth
(Rudolph and Matrisian, 1998; Matriasia et al., 2003; Moinfar et al., 2000; Man et al.,
2002; Man et al., 2003; Man et al., 2004).

The interactions between tumor and stromal cells lead to further degradation of ME
layers and basement membrane, and a deeper and wider migration of the newly formed
cell clusters.

The above processes could potentially or even equally (to in situ ductal carcinoma) occur
in normal breast tissues and hyperplastic lesions, which may lead to a direct invasion.

These processes may also a trigger factor for the progression of the tumor stages.

VII. Potential implications of our hypothesis

It is not known, however, whether or to what extent our hypothesis reflect the intrinsic

mechanism of ME cell disruptions and the formation of these ER negative tumor cell clusters for
three main reasons: [1] our data are limited, extracted from a small sample size, which might not
reflect the real status in the general population; [2] the underlined mechanism(s) and detained
processes for each of our hypothesized steps has not be elucidated. However, given the facts

that: [1] The disruption of the ME cell layer is an absolute pre-requisite for tumor invasion; [2]

Cells overlying focally disrupted ME cells are morphologically, immunohistochemically, and

genetically different from their adjacent counterparts within the same duct; [3] Focal ME cell
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layer disruptions and leukocyte appear to be correlated events, our hypothesis might have
important scientific and clinical implications. In the scientific field, our hypothesis may open a
new window for the exploration of the mechanism of ME cell layer disruptions and tumor
invasion. Our hypothesis might also be useful in reconciliation of the conflicting reports
regarding the immunohistochemical and genetic profiles of the breast lesions, as our findings
clearly implicate that those conflicts are likely to result from the presence or absence of ME cell
layer disruptions, and the differences in the nature and growth pattern of the cells overlying or
adjacent to the disruptions. In the clinical field, our hypothgsis might be beneficial for the early
detection and treatment of breast tumors. As genetic alterations determine the scope and extent
of, as also precede, biochemical and morphologic changes, microdissection of these ER negative
cell clusters and their adjacent ER positive counterparts for genetic and biochemical comparisons
could potentially lead to the identification of specific molecules associated with the early events
of ME cell layer disruptions, tumor invasion and metastasis. The development of antibodies or
chemical reagents to target these cells might provide a more effective and less toxic méans to
block tumor invasion at the very early stage. Also, microdissection of these ER negative cell
clusters in frozen tissues for tissue culture may lead to the establishment of useful cell lines that
benefit stem cell researches. More importantly, as our studies suggest that leukocytes and other
immuno-surveillance related cells might be direct trigger factors for breast tumor progression
and invasion, and that invasion could potentially occur from normal or hyperplastic lesions, the
development of new strategies and approaches to deal with these issues may have direct iﬁpacts

on patients’ prognosis (Herbert, 2004).
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VIII. Conclusions

The ME cell and basement membrane are inter-positioned between the epithelium and the
stroma, normally only permitting the exchange of small molecules between these two cellular’
components. Due to this architectural feature, the disruption of both the ME cell layer and
basement membrane is absolutely needed for the progression of ductal carcinoma in situ to the
invasive status. In addition to this passive function as a nature structural barrier, ME cells have
been found to possess several active or “voluntary” functions, including the production of tumor
suppressors, paracrine down-regulation of matrix metalloproteinase (MMP) expression, and
participation in steroid hormone metabolism. Like the luminal cells, ME cells exclusively or
preferentially express a number of proteins, and subject to a variety of pathological alterations.
Focal disruptions in the ME cell layers are associated with the emergence of unusual cell clusters
overlying disruptions and displaying several unique features, including [1] the loss of estrogen
receptor expression; [2] a significantly higher proliferation rate; [3] a significantly higher or
different pattern of LOH; [4] a significantly higher frequency and level of mRNA expression in
cell cycle, apoptosis, and invasion related genes, compared to their adjacent counterparts with the
same duct. Focal ME layer disruptions are also correlated with a significantly higher leukocyte
infiltration, and a higher rate of cell proliferation at or near the disruptions. Together, these and
other findings have promoted the introduction of a novel hypothesis that focal ME cell layer
disruptions, leukocyte infiltration, and emergence of ER negative cell clusters might be
correlated events, representing an early sign of ME degradations and formation of a biologically
more aggressive cell clone that is in the process on invasion. This novel hypothésis appears to

be useful in reconciliation of the conflicting reports regarding the heterogeneous genetic and




immunohistochemical profiles of the breast lesions, and lead to the development of more

effective and specific approaches for breast cancer detection, treatment, and prevention.
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Abstract

The BP1 gene is a member of the homeobox gene sﬁperfamily of transcription factors that are
essential for early development. Our recent studies revealed that the human homeobox gene BP1
mRNA is expressed in 80% of breast infiltrating ductal carcinoma (IDC). This study attempted
to elucidate the immunohistochemical profile of BP1, to determine (1) whether the expression of
BP1 protein correlated with breast tumor progression and invasion; (2) Whethér BP1 was co-
localized with c-erb-B2, a well-defined onco-protein. Paraffin sections from normal reduction
mammoplasties (n=34) and a variety of in situ and invasive mammary tumors (n=270) were
immunostained with a polyclonal antibody to BP1, and double immunostained for BP1 and c-
erb-B2 or Ki-67. The number of BP1 positive cells and the intensity of BP1 immunoreactivity
linearly increased with the advance of the hypothetical tumor stages, normal— hyperplasia— in
situ—» invasive. In cases with co-existing normal, hyperplasia, in situ, and invasive lesions, the
invasive lesions consistently showed the highest number of BP1 positive cells and highest
intensity of BP1 immunostaining, followed by in situ tumor cells. Double immunostaix‘ling
revealed that BP1 was co-localized with c-erb-B2 in all c-erb B2 positive in situ and invasive
tumor cells examined, and that BPl positive cells had a substantially higher proliferation rate
than their morphologically similar counterparts without BP1 expression. Together, these
findings suggest that BP1 is an important upstream factor in an oncogenic pathway, and thét
expression of BP1 may reliably reflect or directly contribute to tumor progression and/or

mvasion.




Introduction

BP1 is a member of the homeobox gene superfamily of transcription factors that are
essential for early development. Our recent studies, however, revealed that BP1 mRNA was
detectable in 80% of breast infiltrating ductal carcinoma (IDC), whereas it was undetectable in 5
of 6 matched normal controls, as measured by RT-PCR (1). Our studies also revealed that BP1
expression was significantly higher in eétrogen receptor (ER) negative than in ER positive breast
tumors, 100% versus 73% (p = 0.03), and in African Americans than in Caucasians, 89% versus
57% (p = 0.04) (1).

The exclusive or preferential expression of BP1 in IDC, in ER negative tumors, and in
African American women, if confirmed on a larger scale, could have a number of scientific and
clinical implications. First, as has been well documented, ER negative tumors have a
significantly more aggressive clinical Behavior and worse prognosis, compared to ER positive
tumors (2-4), the expression of BP1 may reliably reflect or directly contribute to the
aggressiveness of those breast tumors. Consequently, the development ‘of therapeutic
approaches to specifically manipulate BP1 expression might provide a more effective treatment
option for ER negative tumors. Second, our previous studies in leukemia have revealed that
BP1 has oncogenic properties, including as a modulator of cell survival (5 and unpublished data),
suggesting that the high percentage (80%) of BP1 expression in IDC might also correlate with
breast tumor invasion. The development of invasive breast cancers is believed to result from a
progressive, multistep process that is initiated by the sequential dysregulation of specific
biomolecules (6-7). The elucidation of the immunohistochemical profile and kinetics of BP1
expression during different stages of tumor progression may indicate whether BP1 is one of

those biomolecules. This, in turn, could facilitate the early detection of breast tumor invasion.




Third, the significantly higher frequency of BP1 expression in the tumors of African American
than in Caucasian women suggests that the development and progression of breast tumors among
different genetic cohorts might be initiated and regulated by different molecular and/or
biochemical mechanisms.

Based on theée observations, the goal of this study is to elucidate the
immunohistochemical profile of BP1 expression in order to determine whether the expression of
BP1 protein correlates with breast tumor progression and/or invasion. In addition, as our
previous studies have suggested that BP1 possesses oncogenic properties (5), this study
attempted to assess whether BP1 is co-localized with c-erb-B2, a well-defined onco-protein with

known functions (10-11).

Materials and Methods

Formalin-fixed, paraffin-embedded human breast tissues from reduction mammoplasties
(n=34) of individuals with no family history of breast cancer, no mammographic and histological
breast abnormalities, and from patients with a wide variety of in situ and invasive breast lesions
(n=270) were retrieved from the files of The Armed Forces Institute of Pathology. Consecutive
sections at 4-5 pm thickness were made and placed on positively charged microscopic slides.
The first and last sections from each case were stained with hematoxylin and eosin for
morphological classification, based on our published criteria (12).

A polyclonal antibody against the BP1 peptide was made from rabbit (Research Genetics,
Huntsville, AL). The biotinylated secondary antibody, ABC detection kits (avidin-proxidase

and Avidin-alkaline-phosphatase), diaminobenzidine (DAB) chromogen kit, and normal serum




were purchased from Vector (Burlingame, CA, USA). The AP-red chromogen kit was obtained
from Zymed (San Francisco, CA, USA). A background block solution was from Cell Marque
(Hot Springs, AR, USA). The antigen retrieval solution and Tris-buffered saline (TBS) were
purchased from Biocare Medical, LLC (Walnut Creek, CA, CA).

Before application to experimental cases, several methods were used to verify the specificity
and sensitivity of the BP1 antibody. First, the BP1 antibody was pre-absorbed with the BP1
peptide at different concentrations before incubation with the sections. Second, the BP1
antibody was diluted to different concentrations and incubated with consecutive sections from
multiple types of breast tumors, and from tissue culture cells with different levels of BP1 |
expression. Third, the primafy antibody was substituted with PBS or normal serum, or the
secondary antibody was omitted from the immunostaining sequence. Also, several technical
approaches, including treating the tissue sections with different antigen unmasking protocols‘,
incubating the sections with the primary antibody at different temperatures, and elucidating the
antigen-antibody complex with different detection systems, were used to identify the optimal
immunostaining condition. After a series of pre-tests, a pre-treatment at 80 OC for two hours, an
overnight incubation of the primary antibody at 4 %C, and elucidation of the antigen and antibody
complex with avidin-alkaline phosphatase were found to yield the best results. This approach
was subsequently used for BP1 immunostaining of the tissue sections. The intensity of BP1
immunostaining, scored according to routine guidelines (15-16), linearly increased with the
increase of the BP1 antibody concentration.

Ducts and acini lined by > 40 epithelial cells were examined for BP1 expression. A
given cell was considered BP1 positive if distinct chromogen coloration was consistently seen in

its cytoplasm or nucleus in at least two duplicates of the same immunostaining procedure. A




given case was considered BP1 positive if over 5% of its entire cell population showed distinct
BP1 immunoreactivity. The intensity"bf BP1 immunostaining was scored according to the
routine guideline (12).

To assess the possibility that the level of BP1 expression might increase with advance of
the hypothesized tumor stages (normal— hyperplasia— in situ tumor— invasive tumor), two
approaches were used. First, the BP1 expression status (the percentage of positive cases, the
number of positive cells, and th¢ intensity of the immunostaining) among dases at each stage was
statistically compared. Second, in cases with co-existing normal, hyperplasia, in situ, and
invasive lesions, the expression status in each histologic component was statistically compared. :

To assess the pattern of BP1 expression among cancer subtypes, the BP1 positive cell
number and intensity among common and several uncommon histologic subtypes, including
pregnancy-associated, bilateral, apocrine and male (the cells of which are regulated mainly by
androgen) breast cancers were compared.  To assess the potential co-localization of BP1 and c-
erb B2 (Vector, Burlingame, CA, USA), a set of three consecutive sections from each of 15
previously identified cerb B2 positive cases were immunostained for BP1 and c-erb-B2, and
double immunostained for BP1 plus cerb B2, respectively, using our published protocols (13-
14). To assess the potential correlation between BP1 expression and cell proliferation, sections
from morphologically similar lesions with and without BP1 expression were double

immunostained for BP1 and Ki-67.




Results

To assess the possibility that the level of BP1 expression mi éht increase with advance of
the tumor stages, several approaches were used.  First, the percentages of BP1 positive cases
among normal (n=34), hyplerplasia (n=70), in sitzv (n=100) and invasive (n=100) were
statistically compared. Among the normal reduction mammoplastiés, 30 (88.2%) were
completely devoid of BP1 immunostaining, and 4 (11.8%) contained BP1 positive cell clusters
(Fig 1), which accounted for about 1-3% of the total cell population (Table 1A), and
consequently were regarded as BP1 negative. Among 70 hyperplastic lesions, 15 (21.4%) were
BP1 positive. Of the 100 in situ breast tumors, including cribﬁfo@, papillary, male, apocrine,
and pregnancy-associated (n=20 for each type), 46 (46%) were BP1 positive. We examined 100
invasive tumors, including ductal (n=91) and lobular (n=9) types; 81 (81%) were BP1 positive.
There was a significant increase in the number of BP1 positive cases as histological types
became more aggressive (p< .0001).

In each histological type, ducts ahd acini were examined for BP1 expression. Fifteen
cases with a large number of morphologically distinct ducts or invasive foci lined by > 40
epithelial cells were selected from each stage, and the BP1 expression status was examinéd n
each. A given cell was considered BP1 positive if distinct chromogen coloration was
consistently seen in its cytoplasm or nucleus in at least two duplicates of the same
immunostaining procedure. A duct or invasive focus was considered BP1 positive if multiple
(at least 4-5) BP1 immuno-reactive cells were seen in a given structure.

Of 193 ducts analyzed in normal reduction mammoplasties, 17 (8.9%) were BP1 positive
(Table 1B). In hyperplasia, 67 of 374 ducts (17.9%) were BP1 positive. In thos¢ cases, BP1

positive ducts were frequently distributed as clusters with a defined boundary with the adjacent



BP1 negative ducts (Fig 5). In in situ tumors, 325 ducts were assessed; 101 (31%) were BP1
positive. BP1 positive in situ tumor cells were generally basely located, often with some BP1
negative cells near the ductal lumen (Fig 6). Of 121 invasive foci analyzed, 95 (78.5%) were
BP1 positive. Thus the number of BP1 positive ducts also increased with tumor aggressiveness
(p<.0001).

The frequency of BP1 positivity was also examined in 82 cases with co-existing normal,
hyperplasia, in situ, and invasive components. The frequencies of BP1 expression were 18.3%,

32.9%, 47.5%, and 82.9%, respectively (p<.0001) (Table 1C).

The potential co-localization of BP1 and c-erb-B2 was examined using a set of three
consecutive sections from each of 15 previously identified c-erb-B2 positive casves.
Immunostaining for BP1 and c-erb-B2, and double immunostaining for BP1 plus c-erb-B2,

respectively, was performed using our published protocols (13-14). Double immunostaining

revealed that BP1 was co-localized with c-erb-B2 in a subset of the tumor cells in each of the 15

c-erb-B2 positive tumors, and that the number of cells with co-localized BP1 and c-erb-B2
increased with the progression from an in situ to invasive status (Fig 9). BP1 was also co-
localized with c-erb-B2 in clusters of normal and hyperplastic appearing cells in two cases (Fig
10).  BP1 positive cells, however, were far greater in number than c-erb-B2 cells (Fig 11).

To measure the rate of cell proliferation, sections from 20 morphologically similar in situ
and invasive tumors with (n=10) and without (n=10) BP1 expression were double
immunostained for Ki-67 and BP1. The cell proliferation rate in 3-5 morphologically similar
ducts from each case was calculated, and the rates among cases in each category were averaged
and statistically compared. Ductal cells with BP1 expression had a significantly higher rate of

cell proliferation, 3.4% versus 7.2% (p< .0001) (Table 1D).



To assess the pattern of BP1 expression among cancer subtypes, the BP1 positive cell
numbér and intensity among common and several uncommon histologic subtypes, including
pregnancy—associ:;ted, bilateral, apocrine and male (the cells of which are regulated mainly by
androgen) breast cancers were compqred, as mentioned above. Of particular interest was the
observation that myoepithelial cells were BP1 positive in pregnancy-associated breast cancer, in
contrast to non-pregnancy associated breast cancer, where the epithelial cells were BP1 positive.

The reason for this difference in localization is unknown.

Discussion

Our current study reveals that expression of BP1 protein linearly increases with the
advance of the hypothetical tumor stages (normal— hyperplasia— in situ— invasive), from a
few randomly distributed BP1 positive cell clusters in normal controls to the vast majority of
cells in 83% of the invasive tumors showing distinct BP1 immunoreactivity. Compared to
normal, hyperplastic, and in situ lesions, invasive lesions also consistently showed the highest
number of BP1 positive cells, and the highest intensity of BP1 immuno-reactivity (Fig 7‘). This
was even mbre apparent in cases with co-existing normal, hyperplastic, in situ, and invasive
components (Fig 8).

In the majority of cases, distinct BP1 immunoreactivity was preferentially present in the
epithelial cells, and was occasionally observed in myoepithelial cells and leukocytes. A vast
majority of the stromal elements, including fibroblasts, leukocytes, and smooth muscle celis
were devoid of BP1 expression (Fig 1).

boﬁble immunostaining revealed that BP1 is co-localized with c-erb-B2 in a subset of the

tumor cells in each of 15 c-erb-B2 positive tumors, and that the number of cells with co-localized




BPI and c-erb-B2 increases with the progression from an in situ to invasive status. BP1 maps
near erb B2, and we speculate they may bé co-amplified (Fu et al, NAR). Future studies will
examine whether there is a direct relationship between expression of these two genes.

Not only is BP1 aberrantly expressed in breast tumors, it is also expressed in 63% of the
bone marrows (BM) of acute myeloid leukemia (AML) patients, including 81% of pediatric and
47% of adult patients, as well as in 32% of pediatric T-cell acute ltmphodytic leukemia patients.
* In contrast, BP1 mRNA is barely if at all detectable in normal BM and PHA-stimulated T cells.

To gethér, our current and past ﬁndings.suggest that BP1 may be an important upstream
factor in an oncogenic pathway. While the specific role(s) of BP1 in breast tumor development
and progression has not been defined, it appears to be specifically involved in blocking the
normal process of the programmed cell death (apoptosis), facilitating the formation and
expansion of a biologically more aggressive cell clone, since: (i) Our previous studies have
shown that ectopic expression of BP1 in the leukemia cell line KS 62 substantially increased the
clonogenicity (5), suggesting that BP1 is capable of sustaining or facilitating a deregulated cell
proliferation, which has been regarded as a direct cause of malignancy (17-18). (ii) Abrogation
of BP1 expression in K562 cells causes apoptosis (unpublished data). (iii) Breast cancer cells
expressing BP1 have a significantly higher cell proliferation rate, compared to their
morphologically comparable counterparts without BP1 expression (see Fig 12). (iv) BP1
positive cells are generally distributed as distinct clusters or foci with a well-defined boundary to
adjacent BP1 negative cell clusters, or even as a well-defined ductal segment that is connected to
BP1 negative cells at its both ends (see Fig 3), consistent with the typical feature of a clonal

proliferation and expansion (19).
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The preferential cytoplasmic localization of BP1 was at first unexpected since BP1 can
act as a transcription factor. However, it is known that homeotic proteins can be transported to
the cytoplasm and secreted, then taken up by other cells (xx). This would be a new role for BP1,
one with important implications if true.

BP1 expression frequency and pattern among different cancer subtypes are very similar.
Even in male and apocrine breast carcinomas, whose cells are regulated mainly by androgen, the
frequency of BPI expression and distribution of BP1 positive cells are not noticeably different
from those of other cancer subtypes. It has been noted, however, that distinct BP1 expression is
detectable in a subset of myoepithelial cells exclusively or preferentially associated with
pregnancy-associated breast carcinomas. This finding is of interest, as it suggests that BP1
expression is inducible, and BP1 may be detectable in other tumor types. This possibility is
under investigation.

The biological effects of BP1 expression in tumors are under investigation. Our previous
studies have shown that BP1 over-expression correlates with the activation of cyclin D1 (xx), a
cell proliferation-related protein encoded by a proto-oncogene, PRAD-1/cyclin D 1 (22-23).
Dysregulation of cyclin D1 occurs in about 50% of breast tumors; about 20% are due to
amplification, and the rest are of unknown causes (xx). In addition, BP1 may regulate, directly
or indirectly, genes involved in other pathways. In particular, we have evidence that BP1
expression confers anti-apoptotic properties on MCF7 cells when challenged with TNFa., an
apoptotic-inducing agent. Separately or collectively, these events could confer a growth
advantage and the ability to escape apoptosis on a cell population, which not only would

facilitate the formation of a biologically more aggressive cell clone and expansion by clonal

proliferation, but also could promote progression from one stage to the other. On the other
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hand, the deprivation of BP1 might be able to stop or reverse these processes. Thus, BP1
expression may serve as a marker for early detection of breast cancer, while the manipulation of

BP1 expression may have significant value in its treatment.
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Table 1. Percentages of BP1 positive cases among normal and different breast lesions

Histological Type Numbers of Cases BP1 Positive P
Normal 34 0*

Hypernlasia 70 15 (21.4%)

In situ- 100 46 (46.0%)

Invasive 100 81 (81.0%) < 0.001

*4 (11.8%) contain BP1 (+) cell clusters, but only in 1-3% of the total cells.

Table 2. Numbers of BP1 (+) ducts and foci among normal and different breast lesions

Histological Type Number of ducts & foci | BP1 positive (%) P
Normal 193 17 (8.8%)

Hyperplasia 374 67 (17.9%)

In situ 325 101 (31.1%) ,
Invasive 121 95 (78.5%) < 0.001
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~
3. BP1 expression in 82 cases with ¢o-existing normal and different breast lesions

Tissue components BP1 positive (%) P
Normal 15 (18.3%)

Hyperplasia 27 (32.9%)

In situ 38 (46.3%)

Invasive 68 (82.9%) < 0.001

Table 4. Cell proliferation rates in morphologically similar BP1 (+) and (-) cells

Cell Type Cells counted Ki-67 positive (%) P
BP1 positive 5,000 360 (7.2%) |
BP1 negative 5,000 170 (3.4%) <0.001
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